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PREFACE 


In preparir^ this work the authors have endeavoured to show the possi- 
bilities of craftwork as an educational subject, and tc/ bfieHy indicate its 
cultural aspects. 

One of the prejudices against handcraft or so-ca’lled “ manual work " 
has been that it had^ in^re value from a physical than an educational or 
cultural standpoint, with the result that “handcraft” in schools has too 
frequently been classed as “carpentry”. 

The authors think that lessons based, upon the historical pha^'»of 
craftwork, particularly in the development of types of cons^^non in 
furniture ^ind metalwork, and the ^^rowth of tools from prehistoric times, 
together with the study of simple applied art as displayed in [listo/ic 
work, will do much to increase the value of handcraft in schools. 

Whilst the work has been prepared primarily for the teacher, the 
aim has been to render treatment of the subject such as to make the 
work of value and intere#st to the craftsman, and a useful guide for the 
pupil or student. As an aid to class teachers in helping on a technical side 
in central schools, they hope it will find a place among the books pertaining 
to craft and general education. 

It is hoped further that the work will be regarded as a collection^!)! 
suggestions and data, rather than an attempt to produce a series of models. 
The authors believe that at least one aspect of handcraft has been 
almost entirely neglected in the past, i.e. the artistic side ; and, whilst not 
claiitiing any special merit for the design of the models dealt with, they 
have endeavoured to embody some artistic merit in the designs, and have 
tabooed the meaningless joints and collection of joints which have only a 
limited mechanical value. 

In the early stages, accuracy — whilst being encouraged — should 
not be too strictly insisted upon. It is a phase which should progress 
proportionately to the skill of the pupil. 

The general impression in the past has been that any attempt a 
“freehand” curves or decoration in models necessarily means neglect of 
the mechanical side, but this does not follow according to the authors 
experience, and they woyl^d deplore the acceptance of this idea. 



PREFACE. 

The main feature of handcraft vvor^ after the early staged is individual 
effort oh the part of the pupil, which adds to the interest and value of 

the subject as a whole. 

• * 

Much has been saiil .upon “correlation” in handcraft. In' well- 
directed hancjcraft “correlation” is inevitable. Thinking and^oing must 
perforce be linked togdt,her, and when this is done in the class or craft- 
room it must work toward a better general education. 

* In elementary handcraft the tendency has always been to depart 
from traditional methods of construction and processes, but in the authors 
opinion even the simplest models can be based upon traditional lines, 
and whether the object of the teacher be vocation or educati(jn, due 
re jj ^rM to tradition and right methods is essential. 

JOHN HOOPKR • 
A, J. SHIRITV . 

London, 

• Jane, 1913. 

NOTE TO SECONE) EDITION 

Several illustrations of peasant art in Sweden, Switzerland, etc., have been 
added by the courtesy of the Editor of “The Studio.” These examples 
illustrate simple decorative treatments of everyday objects, and the study 
of work of this character is recommended. The fine London museums 
and the collections in the provinces contain much’ ancient craffwork in 
wood, metal and other media, and although the slavish copying of examples 
has little educational value, it will be appreciated that simple designs based 
on such examples, combined with the actual examination of old craftwork 
in museums and other collections, will not only arouse interest in traditional 
work, but should lead to a keener appreciation and understanding of other 
subjects in schools. The authors suggest in this connection that visits to 
museunve, etc., by young pupils under the guidance of instructors with a 
view to the definite study of examples of craftwork, would be of consider- 
able advantage in leading to the formation of taste, and they think that a 
definite connection between the museums and the schools in this way would 
naturally lead to a better understanding of the advanced or “fine arts.” 

J. H. 

A. J. S. 


fune, 1925. 
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Many of the models and lessons treated in the following pages have been 
designed and prepared in connection with the authors* duties at the L.C.'C. 
Shoreditch •Technical In^^itute; and they desire to express their thanks 
to the Principal, Mr. S. Hicks, for permission to reproduce these examples. 
To Mr. P. A. Wells they wish to extend their gratitude for much kindly 
help and criticism, also to Mr. A. Rowan of .the Handcraft Teat her.'^^^- 
partment for assistance in the preparation and revision of MSS. aii^t^oofs 
fop the press. Mess^'s. Nur.se & Co. kindly lent the illu.stration of a grind- 
stbne on page 201. Mr. Balfour of the Oxford University Museipn hjis 
most courteously given permission to illustrate .some of the prehistoric tools.. 
Many of the examples of decorative cniftwork reproduced in the book are 
due to the excellent facilities afforded by the authorities of the Victoria 
and Albert Mu.seum, South Kensington, the source of these example.^ 
being noted in the text. In conclusion, the authors desire to place on 
record their appreciation of Bieir publisher's ungrudging help and con- 
sideration during tTie progress of the work, which materially smoothed 
its path to the press. 

In rtgard to the illustrations for the New Kdition they have to thank 
for the examples of Swiss peasant art, Monsieur Henri Martin of the 
Swiss Legation, Hcrren Orell Fiissli, Publishers, Zurich, who issue the 
German Edition of “ Swiss Pea.sant Art,” and “The Studio,” London; the 
illustrations of Scandinavian art have been contributed through the kind- 
ness of Dr. G. Upmark, the Northern Museum, Stockholm. 
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Fig. 5. — English oak livery cupboard, about 1500. 
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CHAPrKR I 

HISTORICAL NOTES ON CRAFTWORK 

Noi'K, — T he illustrations arc luimbcied consecutively through each cTapt^r, and 
the numbering of each chapter is independent of the rest, d^^ages 
of collected illustrations have one figure number, the separate (liagrams 
buing described as number one onwards on c.ich page. 'I'hus references to 
illustrations are as lollows (eg.)— (di. xiv, f. 12 (8). Diagram*^ on ^he 
figure under disiaission are simply referred to by their own number.s on the 
illustrations thus (6). 

1. WOOD. 

“1 do not think that any man but one of tlie highesi genius criuld do anything 
in these days without much study of ancient art, and even he would be mucli 
hindered if lie 'acked it.’'- \Vii,iaAM Morris. 

Thk purpose of this chapter is to indicate the extreme anli(|Uily of general 
craftwork, the very l)egiMning of which ( an fairly be st.ited to have commenced 
when prehistoric man fashioned his primit've weapons and imi)lements for 
defence, attack, and sustenance. 

A study of prehistoric examples of craftsmanship in the various national 
museums will show their mani[)ulative and artistic skill advanced to a consider- 
ifble degree. Piogiess m decoration and manipulation proceeded simultaneously, 
a.s is evident from existing examples of their [iroduction. d’he Palaeolithic — or 
Early Stone Age — dates back roughly some 7000 years according to authorities 
on this subject, although with them the dates of periods can only be conjectured. 
Following this Age or period are the ('opper, ikon/,e, and Iron Ages, so named 
because of the materials chiefly employed during the'^c periods. Although the 
general growth of constructive and decorative craftwork did not [uoceed simul- 
taneously in all countries, authorities agree that stone preceded the use of metal 
in practically every part of the world, including all parts of Europe, F'gypt, (Tina, 
Japan, and America, the growth of prehistoric work in each of those countries 
having definite national characteristics, and worthy of close study by students of 

I 
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^moderfi handcraft. S[)aco forbids more than a very rapid sur\ey of this aspect 
of our subject. ' 

The iirtistic treatment of animal forms during the f'.arly Stojje Age is shcn\n in 
Fig. 1, an eng'iaved bone or mammoth ivory from 'I'loii des l''orges,*l}runiquel, 
France, of'cxccptional artistic interest. It belongs to the PaKeolitUic Age and is now 
in the British Museurm. h'lint and bone appear to have hem the < hief media 
emplojed, but -it should be remembered that the j)crhhable nature ttf wood Jias 
naturally acted againU the ^)reservatioii of objects fashioned from this Ujat^'rial. 

During the Neolithic' or later Ston(‘ Age we find mote inst.inccs eff ucjod- 
workiiig. ^ctual c\anf[)les preser\ed in collections show that wood was used to 
some extent for handles of flint knives and axes, generally as a sii|^)lemenlary 
mateiial to the common use of flint. 'Fhe Bion/e Agf marks the intiodiK'tion of 
a new mateiial and an increased degree of w'orkmanship and artistic skill, due in 

some measure to the 
u^e of a more s)mpa- 
thetu' material, having 
le4>s limitatioijs than tlx* 
preceding media. 

An interesting 
featuie of this age is 
the number of bron/e 
celts, which were 
attached or hafted ” 
to wooden handles or 
halts, and seemed by 
l)imling with thongs. 
At the end of this 
peiiod gold is intro- 
duced as a Inaterial, 
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Fio. r.— Examples of animal forms in prehistoric art. 

fine examples of this work being exhibited in the gold loom of the British 
M-useum. Canoes and the lake dwellings of the Swiss also point to an extended 
use of timber. The Iron Age is especially rich m aitistic examples, csj)ecially 
of metal decorated with highly eolouied enamels. •- 

The first liistorical records on xvhieh reliance can be safely placed are 
those of Ancient k>gypt, and they j)rovide a fertile source of study. One 
of the cailiest specimens of J^vgy[)tian art in wood is that illustrated in 
log, 2, a wood statue of the so-called Shekh el Beled, found in a tomb 
at Sakkara. Prof. I'lindeis Petiie, in liis “Ait and Ciafts of Ancient 

Egypt,” says, “the eyes are excellent in form, hut affected by the technical 
detail of inserting the eyeball of stone and crystal in a copper fiame,” 
thus indicating an amount o( technical skill combined with artistic apprecia- 
tion, though the latter is not m accordance with modern ideas. Prof. Idindcrs 
Petrie also states that tlie original figure was covered with a coat of 
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coloured stucJo. Of ancient Egypti.^i furniture ihcie are nuincioiis (‘vamplcs in. 
the British Mifteum, including workmen’s stooE, vase stands, lufolding ^t( ol, and 
a %eat of ebony jnlaid with ivory, 'riicse display remarkable artistic merit; and 
show due Appreciation of the important factor in modern hand( r.ift, vi;?. fitness 
for a given pjirpdse. 'Piehnically also the'-e exaiupWs arc interesting, showing 


mortise and tenon joints, evidences of 
the use ofj^ue, and tinned woik, widi- 
catirjg no small degree of mani|)ulative 
skill in rills biaiu'h of li.indciaft. .'I'no 
examples arc illustr.ited in log. 3. 
Ebony, acacia, cedar, and s\(amoie 
woods were all em[)lo\vd*N\hdst nory 
obtained from the hippopotamus .md 
elephant was iitili/ed foi inlaying. 
Mummy (Mses, chans with side aims, 
caskets, and beds were execuUal in 
\^ood and decorated wUh inlaying, ( .liv- 
ing, and [lamted or stuci'o decoiation. 
In (ireek literature we find considei- 
ablc evidences of craftwork. Homei’s 
"Odyssey’’ is especially luh in relci- 
enccs, some of which ate (piotcd in 
later parts of this book f>aft'»"Tk 
was regarded as of nnpoitance, as is 
evident from the following tpiotation 
from Book XX HI ol the "Odyssey’’. 
Odysseus describing the bride bed to 
Penelope ; " Next I sheared off all the 
light wocpd of the long leaved olive, and 
rough hewed the trunk upwards ftom 
the root, and smoothed it round with 
the adze, well and skilfully, and made 
stfaight the line thereto and so fashioiK.d 
it into the bedpost. And I bored it 
all with the auger. Beginning at this 
headpost, I wrought at the bcdstixid 
until I had finished it, and made it fair 
with inlaid work of gold, and of silver 
and of ivory.” The Bible also affords 
us numerous evidences of woodworking 



biG, 2.— One of the earliest examples of 
sculptuie in wood. 


the (icsi option of the biiildmg of King 


Solomon’s temple being notewoithy, as is also the dcsciijition of his throne. 
The ark, according to James Na[)icr m h's " Manufactuiing Arts in Ancient 
Times," took twenty-five thousand loads of timber in its construction, and the 
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instructions to Noah, “make thee an ark of gopher wood,’’ etc'^ indicates the 
material .employed. In Kastern countries, notably India, craftwork is possessed 
also ’of ancient traditions ; fine carvings, inlay, and other decoration applied to 
wood and metal have been for centuries produced in abundance.' Omitting 
prehistoric work in Kngland,and much work produced by the Romans here, craft- 
work in wood and metal does not appear to have made much headway until the 
sixteenth centftry, although jirevioiis to that date some noteworthy work in stone, 
chiefly crclcsiastiral, had been produced. Wood and metalwork developed 
almost simultaneously, most early pieces of British craftwork exhibiting a com- 
bination bf these materials, characterized by crude craftsmanshi[) and of but 
little artistic merit, (iothic work is the exi'eption, and following that period the 
English RenaissatK'e, beginning in the reign of Henry IHI, saw hmglish woodwork 
developed through the lich peiiods of Kh/abcth, James, and Cromwell to the 
early (leorgian eia whuB began with William and Mary and (Jueen Anne. 
("These and successive periods cannot be better studied than by personal 
observation in our museums, or from tlie numerous excelhait treatises de- 
voted to historic English furniture and decoiative objc-cts ) (Ireat .irchitects such 
as Inigo Jones, Sir (.'hiistoplicr Wren, the Brotlu'rs Adam, and designer-eraftsmen 
including (rrinling (iibbons, Sheraton, ('hipj)endale, and I Ie{)[)elwhite each con- 
tributed to the general development of artistic woodwork in JCigland, and nearly 
all of them have h'ft writings and diawings of their own, whu’h can be studied 
in our national hbraiies and museums. • 


II. MKTAl.S AND ME/TAEAVDRKINt;. 

While history lias always a sentimental value, it has also <in indirec t, and at the 
same time through tradition a very direct, bearing on woikshop practiiVe. It is 
besides very interesting, and no apology is necessary for its introduction here. 
The study of the develojiment of metal-working, and of the many apparently 
divergent [loints of view, adds interest to the stoiy of the origin of many 
processes common to the jeweller and the decorative metal-w'orkcr. Only 
[iractical workers in each craft can [uoperly appreciate the wide gap that separates 
th&m, but many operations arc common to all branches dealing with metal. 
Eiling. drilling, tinning, hammering, the use of chisels and punches, etc., are 
as essential to the jew’cllcr as to the decorative or architectural metal-worker, to 
the watchmaker as to the shipbuilder. A student capalile of performing these 
operations efficiently and so possessing that [irofuaciK y which places him in the 
class of “skilled ” labourers has the chance of entering any industry in which 
metal plays a part. The knowledge of metal-woiking, as the many specimens 
in our museums show', dates back to very early historic limes; according to 
various authorities probably as far back as 4500 icr., or even earlier. 
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Coppci #incl Gold. — Copper a|!)pears^o be the first nietul generally known* 
and irsed, although there are evidences that gold was in use *in in 5400 

B.c., but tl^^ begmuing of the uses of metals is known as the Age cit ('()[)j)er. 

• Copper Age. — How copper was first discovered can only be conjectured, 
but.it was evidently known as a malleable stone, and*l)eaten into shape* by stone 
hammers oi poundeis. 

An inspection of the implement now in the l*itt*Ri\cr^ collection at ()\foid 
pro\es\his. It was made from a jiiece of coppc'r ore, Jind lias, as lai as one can 
judge, not been smelted, but it is evidence of the ap[)ret lalion and ihe of metal 
by a race of people living in the Stone Age. 

Following this the lieaich for metals would naluiallv be dc velo[)ed by 
slow stages; the uses and methods of shaping this luwv maUniil would increase 
until the time arrived when metals < ould be c‘\lia('lc-(l ftom then oics, and the ^ 
art of metallurgy be evolved. rhe discoveiy of the various iiuUals marks one* 
of the greatest slejis m advancement imde by the human laie, but it is obvious 
^hat all the people in the world would not be eiiually ai (iiiainted with llu'se 
discoveries at the same time. Neveilheless, the effoils of the early workeis who 
made such advances possible deseive attention. 

Bronze Age — During the later part of the lime knowm as the “ C'opper 
Age,” gold, silver, copper, and tin sc*c‘m to have been m genera! use*, tincT this 
brings us to the period known as the “ Bion/e Age,” which lasted roughly about 
a thousand )eais. 

During this lime the works in metal are remarkable for their exc'cllence, 
being suitable for their puFpbse, beautiful m design, and skilfully executed. 
Many objects were f-ast as well as wrought, and many [)ie< es were made combin- 
ing the two processes, as for example, a vase with a beaten body and cast handles 
which can be seen ui the bron/e rocam in the British Museum. 'I'he bron/e 
mirrors ♦of the (irec-ks are artistic examples of skill. Statues of large si/e 
were not cast in one piec'C, but were made by shaping or embossing plates of 
metal and nailing them on to a wooden core, casting the hands and fc'et 01 other 
small })Orlions separatel), then attaching them by ciamjis and nails. 

• 'I'he face and hands were often carved from ivoiy and attached in the same 
w^ay. Statues made in this way, plated with sheet gold and portions of carved 
ivory added, were known as Chrysele[)hantine woik. 

Phidias, the sculptor of the Parthenon, was specially famous for statues of 
this kind. 

Metals of many kinds were early very plentiful, and the following verses 
taken from Homer's “Odyssey,” which is supposed to have been written about 
eleven hundred years before our era, point to a high degree of skill among 
metal-workers. 

The verses refer to the Palace of Aleinous : — 

Meanwhile Ulysses at the palace waits 
There stc\ps, and anxious with his soul debates. 

Fixed in amaze before the royal gates. 
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The front appearedf with raftliant splendid gay, 

‘ llright as the lamp of night or orb of day. 

'I hc wall^ were massy brass ; the cornice high, 
nine metals crowned, m colours of the sky; 

Rich plates of gold tlie lolding doors enc^'-e, ' 

'i'he pillars silver, on a bra/cn base; 

Silver the lintels deep projecting o’er, 

And gold the iinglets that coiilmand the door ; 

'1 wo rpvvs of stately dogs on cither hind, 

In sculptured gold and laboured silver stand ; 

'I'he, se Vulcan formed with art divine, to wait 
Immortal guardians at Alcinoiis’ gate. 

'I'hc tlescri[)ti()n of the .urns aiul shield iiuide by Vulcan foi .\chillcs is full 
of luiiiU's of luclals and prorosses. 

Among the m iny objects of bion/c in the Hiitish Museum are some linely 
modelled handles with iron ('ores, a bron/e belt-()kitc inlaid with non, a bron/e 
handle inlaid with silver, some pale bron/e mounts probably from a wooden chest 
and of very thin material embossed w'itli many kinds ol fantastic animals, somg 
simple boideiings and bosses mainly worked from the back and in low'' relief^ 
all these ohjet'ts are dated about 600 to 400 u.c , and can be seen in the bion/e 
room 

'I'he remains of the bron/e gate's of Shalmaneser J I, whu h are in the base- 
ment of the biiti'^h Museum, aie ([uite an object lesson on the teaching of histoiy 
by pictoiial means e.iiried out in U'[)OUsse woik on nron/e, and these date back 
to <S2 4 H e. 

'I’liere aie also some example's ol woik in woocj, bron/e, ivoiy, bone, marble, 
and alabaster that h<ive been turned in a lathe and aie dated about 400-300 ii.c. , 
all in the room of (deek and Roman life at the same museum ; some enamelled 
bronze ornaments anel many vases, figures, etc., wide h weie east by the lost wa.\ 
process, and have never been surpassed for beauty cM foim or executive ability. 

Iron Age. — iron was now gradu.illy eoming into use, but it did not (li^place 
l)ron/e to any extent, so that the early “Iron .'\ge ” oveilap[)ed thc^ later “ Hron/e 
Age” in the same w'ay as with the Stone, (Joppei, and Ihon/e Ages. 

lion was Used laigi'ly during the later [leiiod of (Ireek history foi sliengt'ien- 
ing objects, suc h as bion/e eastings, handles ot hron/e sldelds, and as (ram[)i m 
buildings, in the partial constiuction of ship^, I'hariots, and agricultural imple- 
ments ; in fact il was put to much the same uses as at the present day. 

Iron was also known to have been in use in Assyria about the ninth century 
13 . c. and in India even eailier. 'I’he ('elebrated woot/, a s[)ecies of iron and the 
material fiom which the famous Damascus swords were made, is of very gi eat 
antiquity. In these early ages its rarity made iron of great value, and in accounts 
of the battles of the Egyqitians, mention is made of its being taken as spoils of 
war ; it was in long, vvedge-sha[)ed pieces with holes through to facilitate transpoit. 
U//iah is spoken of in the Hible (2 Chron. xwr. 14) as making shields, spear., 
helmets, and liabergeons (coats of mail or breastplat'is). Also m Genesis (iv. 22) 
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we read of Tybal-cain the son of Ifainedi* and /illah, who was an insti iirlor* 
in bntss and-iion ; “ brass was pi obably bron/e of a light biown*oi NelloW u)!our ; 
the metal you called brass was not then known”. * 

• Tubal-rajn W'ts probably the mjthologieal dod known to llomei as Vulcan. 

1 here arc man) relcreiKcs to mitals .uid mctal-w'oiling in the Old Testament 
of the biblQ^ and the e portions weie wntlen .it least .i', e.iil^' a^ [^5 ii.c. 

L'CH.d End 2^inc> At tlu' beginning ot the ( Jirij^luiji t_*ia KmiI was used 
largely by the Romans, and /me first appears in Roman al 1 o>s, but it was also known 
as calamine to the (iieeks who used it in tlu^ in.inulaetuie o( biass by siiupl) fusing 
the calamine with ( op[)er. It was not until about \.i>. i that /anc was pro- 
cured in a'metallie state ifc- j. Henkl(“, a (leinian i hemist 

Steel. Steel of some kind wa-i .dso known .ind Usfd, being obtiiiual Iroin 
woot/. As it ( ontaiiu (1 a laige jien ent.ige ot <'aibon it w.is \c‘ty dillK'ult to woik. 
(lold, sil\er, and bion/e were usisl l.ngcl\' lor (lu<'<)iat i\ e puiposes, and siKci w'as 
k^nown to the ah hcMiU'.ts as luna In their writings it was lepiesented by the 
hguie ol a,(TesceiU moon. 

. Tile (hulls were \eiy skillul in the manipulation ol met.ils, but the industiy 
was only cairied on b\ “ f ieein •n, ’ .ind when they died the implements ol then 
('laft w'ere otlen biiiied with them 'I'he skill ol tlu liiitoiu w.cs esidently as 
gieat as that ot thedauN, and tl wi‘ examine the objei ts in the tasis Nos. 5*1 -ho 
in the central saloon ol the Biitish .Museum, whnh weie made bet ween the)eais 
250 11. c. and the third lenAiiy \.i)., we <an leali/e the degiee (h’ i xcellenee 
craftsmanship had leai hed l>\/antium, 01 ('oiistantinople as it is now tailed, 
was noted for its artistic niet;*l-^\otk. 

Enamel. — EiTamellmg on mttil is ol \ei) amaent oiigin, and is said to 
have been first practised by the early h^gupti.ins Many aiticles det omted in this 
manner have been 'found m Biil.iin, in tombs and what aie known as chariot 
burials, *for with the wariior weie often buried his chariot, horse tiapj)ings, 
W'eapons, jewellery, and some vessels ol pottery. 'I'he work done in Ibitain at 
this period by the Oaiils 01 Kelts, known as Keltic woik, may Ik‘ rta'ojni/ed by 
Its gracelul llowing (uive^, lounded surfau's, and “ interl. icing,” as well as by a 
l«rm ol scroll believed to h.ive been di rived from tiu' palmetle ol the (Jreeks. 

Second and Third Centuries a.d.- -Copper mines weie worked by the 
Romans in Britain duiing the sei ond and third centimes v.o., when they made 
water pipes and colfins fiom le.ul often richly cast in relief, and used iron grilles 
or cancelli in their ('hurches to sepaiate the choir fiom the bod) of th(‘ church. 

Fourth Century ad -In the Bntish Museum theie are some cakes or 
ingots of pewter stamped with the early (Jhnstian symbol of the fourth century, 
also many lam[)s of bron/e with the .symbols worked into the design, 'fiie-.e 
were used for lighting the Catacombs, and there are some finger lings of bron/e 
gilt of the same period. 

During the leign of ( 'onstantine altars were m.ide lor use in the many 
churches then being built. They w'ere made of wood covered with silver plates 
elaborately worked in relief. 
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Fifth and Sixth CenturieS'A.D.—Silver spoons inlaid w^th niello were 
used during the fifth century, and Byzantine weights of bronze, with their de- 
nominations iiilaid with silver, were in use during the sixth century.^ Dagobert 
King of the Franks possessed a'throne of gilt bronze 628-638,, a copy of which 
is now in the Victoria and Albert Museum. 

Eighth and Ninth Centuries A.D.— Inlaying of gold with niello was 
characteristic of the eighth and ninth centuries, and during the tenth century 
cloisonne enamelling on gold reached a high degree of excellence. 

Tenth and Eleventh Centuries a D.~rhe tenth and eleventh centuries 
were the great age of bronze founding, and many of the doors for various cathe- 
drals were made about this time in ('onstantinople^ and exported' to various 
countries. .Some were inlaid with silver or niello. Diinstan, Archbi'.hop oft 'anter- 
bury, (^25-988, was an Ivnglish metal-worker of great skill. It is interesting to 
note that the s('ulptors were usually their own loundets riu'ophiliis wrote 
“ Diversaium Artiurn Schedula in the early [)ait of the eleventh (.entuiy. 

Twelfth Century A D. — 1 he Pala d’ Ora or altar front at St. MaikS Cathe- 
dral in Venice was made in the above city during the twelfth century, and is of 
gold and silver [ilate, embossed, enamelled, and encrusted with jirecious stones. 
A fine example of English craftsmanship where metal is used (o special advantage 
is the beautiful monument to ()ueen Eleanor in Westminsti'r Abbey, made by 
Thomas of Leighton Buzzard in 1294. It consists of a finely modelled bronze 
figure, with a wrought-iron cresting above, the ere ting being an early example 
of decorative punch-work. It was during the twelfth cenlur) that machines, 
some of w’hich were worked by water-power, were Orst used, and there arc still in 
existence drawings of drilling, sawing, and stamping majhines, screw-cutting 
lathes, and many jigs, that were drawn by J.eonardo da Vinci, the Italian crafts- 
man of the fifteenth century. 

Fifteenth and Sixteenth Centuries A.D.— Cast Iron.-— Between the 
twelfth and sixteenth centuries Spain produced some exceedingly rich ironwork 
in the foim of n‘ja$ or screens ; but very little decoiative ironwork was done in 
England owing to the scarcity of skilled smiths. About the fouiteenth centuiy 
cast iron came into use, and was smelted with charcoal in .Sussex, a large 
quantity of cast iron being produced in that county. 

Seventeenth and Eighteenth Centuries.— ^Vood becoming scarce, 
owing to being used (in the form of charcoal) for the production of cast iron, 
an Act of Parliament was passed during the reign of Ivlizabeth limiting the 
erection of furnaces and the use of wood above a c'ertain size for this purpose ; 
consequently the production decreased until the end of the seventeenth century, 
when the use of pit, or sea coal as it was called, became more general. Even 
then the quantity produced was very small, and it was not until the method of 
making coke from coal was invented, about the middle of the eighteenth century, 
by Abraham Darby, that the commencement of the manufacture of cast iron on 
a large scale began. The art of tinning iron plate vvas introduced from Germany 
by Andrew Yarrenton. 
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Cast St€6l. — It was during this cenVury that a method of making cast 
steel of a unifoim texture was invented by Mr. Huntsman of Shelbelcf in 1770, 
and the pre^ess was soon in u^e in various parts of JCngland for [hh marmfactuie 
(ff steel for cutting tools. Rre\iou^ to this many < titling tools were im[)oi ted 
fronj the Continent. 

Lead.‘>~Cead has been largely in use sint'C the twelf'th century for roofs, 
spires, statues, fonts, gargoyles, cisterns, et(\, Init to realize the highest possibilities 
of lead *;is a decorative as well as a iitihtanan medium man) towns in I'rance 
should lie visited, wheie lliis material has been utilized to a gieater extent than 
in other countries. In suine instam es lead was decoialed by’ai)|)lying a ii.ittern 
in pure tin, which becau->c» ol its biillianc) loims an agree.ible (oiitiast with the 
dull lead, and it is not affected by the weather 

Nineteenth Century. The commenci-ment of the nineteenth ( t lUiiry was 
remarkable for the great niimbt r ol iiuentions in ('oniiexion with mehils, but 
that of H. Bessemer, afterwards .Sir H. Bessemer, for jiiodic’ing ste 1 from cast 
iron by means of the converter invented by himsi'If was the m )st notable, and at 
the present time steel made by his pro( ess is laigely superseding uioiight iron 
Aluminium, -rile discovery by Wohler, aCerm.ui chemist, in )S2S of 
aluminium has had fai -reaching results, although it is only ol laU' \ears that this 
metal has been usetully applied, d’his is due laigely to the impiovcmienl in 
electric furnaces, conse(iueiU increased [iiodueiion, and lower working costs. 
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FIRST YEAR MODELS (WOOD) 

RUI.r:R, KI.OWKR-STICK, AND RKV.RACK (l io l). 

Object Models desigiK.'d chiefly to inlioduce exercises iii pi tiiitvg .iiid sawing. 
- The Process.-— Round Ruler.-- For class woik, one piece of \sood 
12 X J in. srinaic should be issued to each student. A finely set jack plane 
should be used loi th(‘ planing pioce-.s. * 

1. Plane up face side and edge. la. PeiK'il face mark', on mUeiul (straiglu 
edge to be employed for testing the above planing). 

* 2. Set marking gauge, and gauge the mateiial for width and ihu knes:,. 

* ^ 3. Set out octagon on each end, as per diagiam (second sle[)). 

4. Plane to octagonal shape (see diagram, second stage’). 

5. With smoothing plane complete, the planing to circular section. 

6. Finish with gkiss [)aper and saw off ends to* finished length. 

Flower Stick.— I. Plane to widtli <ind thickness one piece jellow deal, 
15 X 5 X I in. * * 

2. Set out [)ointecl end, also semiciicul.ir lop. 

3. Saw' bottom and comers off top, compare latte 1 by ftiiiing 

4. Itixecule notches by cuttrng witli firmer chisel. 

Key Rack.— 1. Pic’pare one prece of Ameiican whitewood, loj 2[ x A 
in. = 2() X 6 X I • 2 can. 

2. Plane up face, side, and edge*. 2a. Plane and gauge to wadth and thic k- 

ness. 

3. iMaik out the semicircular ends. p. (hrt same with do\c‘tail saw (sl;e 

Fig. I). 

^ 4. Ikire clown to lines with firmer chisel. 4a. Prepare a spec amen of cham- 
fering. 

5. Set out and execute chamfering on key rack wath file. 

AWc- —In the second and third examples dealt wath above, chamfering is 
employed as the simplest kind of ornament, and permits of individual effoit in 
designing same. For class work an extra piece of w-ood can be issued and the 
pupils encouraged to suggest treatments, limiting them to the use of a file and 
small chisel. A demonstration showing one or two different types should pre- 
cede their efforts, d'he hooks can be placed vertically as showai or horizontal for 
large keys, when the rack is, of course, also fixed in a horizontal position. 

froi • 








12 ’ 


•HANDCRAFT. 


, [chap. II. 


A ‘rtALF-LAPPED FRAME (Figs. 2 , 3 , and 4 ). ’ 

Object.— I’o illustrate the application of a previously consfructeij joint, i.e. 
half-lapped joint, to a simple \Vood\vorkiiig model. The deooration provide? 

an opportunity for tastqful 
tieatment, and aan be of 
various kinds, vi/. gouged, 
chiselled, inlaid, or stencilled. 

The Joint should be 
made first as an exercise, the 
ptripediire for winch is us 
follows : — 

i Plane up one piece 
American whiteuood, 12^ x 
2J X ' in. = 31 5 X 5-7 
2 '2 cm, 

2. Mark face edge, shoot 
same, gauge and plane to 
width and ihickne.ss. 

3. Pencil cross centie 
line in wood. Saw across. 

* 4. Jd.x one piece in stops, 

mark width of the other piece at centre square lines across with marking knife. 
Repeat with second piece, * • 

5. Sejuare lines on edges, and gauge half-thickness on edges (gauge lines 
must be made from face side). 

6. Cut lines with dovetail saw, and remove waste of each piece. 

The Frame, — 1. Cut out 4 pi<‘ces of Ameiican whitewood, ijJ x ij 
X J in. = 3r5 X 4-5 x 2-2 cm. 

2. Plane up face, side, and edge of each piece. 

3. Caugc and plane up all pieces to width and thickness. 

4. Fix all pieces in bench stop. Set out lines (A, E, (", 1 ), J'., Iq P ig. 4 ) on 
edges with marking knife 

5. Separate pieces. Square lines on two pieces on face side. Square lines 
on two pieces on back side, 

6. Gauge half-thicknc.ss on edges for joints from face side. 

7. Cut inside line with dovetail saw, remove waste with firmer chisel. 

8. Fit together and glue up. When dry level off on both sides. 

9. Mark rebate on inside of frame on back, cut same with chisel. 

10. Proceed with decorative work (see alternate treatments on opposite page). 
The Decoration must at such an early stage be easy of execution. 

The first kind showai is single gouge cuts on the edge of the frame ; this 
is best executed by holding the gouge in position with the left hand, striking 



/" I — 'h 
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it smartly with the palm of the right-hand.. Eight cuts are then r!iade in each 
corner to form the. device shown. ' 

The S(;cond treatment 
shown is executed on the 
edges with gouge and chi'cl ; 
the corners have a simple 
recessed device. 

d'he third tieatment il- 
lustrates a stencilled pattern, 
winch can he executed by 
dra>ving the dcsign.on [^‘ipor, 
cutfing the required portions 
away l)y means of gouge cuts 
(for stencilling refer also to 
bottom of tliis page). , 

The fourth treatment ('onsists of two differently coloured w'oods arianged 
our in a s([uare. T'hese should be cut from J in. wood and glucal- -like mosaic 
— into the groundwork 

The Outlines of the third and fourth ex.imple'. \ary , these should be set 
otit geometrically and finished by paring with a firmer chisel. 

WATCH STAND (I'ig. 5 ). 

' Object. -A model to introduce simple sawing,'planing, chi.selling, and filing 
(if curve of back is considered undesii<d)le a str, light line can be substituted), also 
as an exercise in stencilling. ' • 

Material. - Knq/is/i. ‘ Mcfnc. 

I piec'C American wbitr'wood, <Sj x 3!) x I in. 20*3 x 9*1 x i cm. 

I piece ,, ,, X 2 j X I m. 9*5 x 7 x i cm 

The Process. — I. ^aw out .uul smoofh up material as above. « 

2. Plane one edge of front, gauge, and plane to width. 

3. Mark out semicircular head of front piece. 

4. Mark bevel at bottom, cut same with do\etail saw. 

5. Set out the support as per b'lg 5 . • 

6 Cut head to shape, removing coineis with saw' ; pare away to line with 

firmer chisel. 

♦ 

7. Cut straight back with dovetail sawg finish bottom with gouge. 

8. Nail together, holding back in bench vice. 

The Decoration, as illustrated, is simple stencilling: the design should 
be executed on stiff cartridge pajier, then cut out with a sharp penknife. The 
[laper is then placed upon the front and held perfectly flat whilst the colour is 
dabbed upon it with a brush. 

Notes. — For class work, simple vee tooling could be substituted for the 
stencilled design. Painting the whole stand wamld improve the model ; dark 
green with white or red stencilling are suitable treatments. 
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A simple geometrical arrarigement of spots is also effective.cthis could be 
done by boring YV holes about ^ in. deep, filling in with' coloured wax. 

(This process is further described on pp. 148, 150.) 

• 

PIN AN*I) PEN TRAYS (Fig. 6). 

• • 

Note- “Nos. I and 2, and the perspective sket< Inon p. 17, illustrate a. pen 
tray, to be executed in American \vhitewood,^ind designed in order to introduce 
sawing, planing, and gopging. No. 3 is the sectional \icw of a more advanced 
type, involving the addition of bevelling and a thin moulded base. A cavetto or 
hollow moulding is a suitable alternative detail for this model. No. 4 is a further 
development of the above types. Mahogany is suggested for the [ten tray proper 
with ebony feet. A mosaic edging should be worked' "Oimd the tO[) edges, which 
is further illustrated and di'scribed on p. i.^b. .Satinwood and ebony is a suitable 
colour combination when mahogany is used for the gioundwoik. Nos. 5 and 6 
illustrate an alternative model for the first year, introducing processes similar to 
the first example. The further development of this type could proceed upon the 
lines indicated above in connexion with the j)en tray. 

Material re(|uired for the four models (cutting si/e^) : -- 
Nos. I and 2 : Me(ni\ 

I piece Ameiican wlutewood, io{ x 2.J x ^ in. 266 x 6‘4 x 2’25 cm. 
No. 3 • 

I piec'e American whitewood, lo.J x 2J x ^ in. 26 6 x (>-4 x 2'25 cm. 

1 [)ie(e ,, ,, II X 2; X J in. 2<S x 7-3 x 6 cm. 

No. 4 : 

r jiit'ce AmerKaii whitewood 4I x 3j x ; m 11 | x S 2 x 2'25 cm 
Nos. 5 and 6 : 

I piece Cuba mahogany lol x 2,} x ; in. 20a') / f) 4 x 225 cm. 

I piece Ebony 4.! x i j x J in. 11 x 3'2 x ’6 cm. 

The Process (for pen tray. Nos. i and 2). 

1. Saw out, and plane material to finished thickness, K ngth, and width. 

2. Square acro.ss pencil lines corresponding to semiciicle centres. 

3. Describe the semicircles as shown in No. i. 

4. Prepare a J in. cardboard templet as shown in No. 2. 

5. Couge away the centre part, testing frecpiently with tcm[)let. 

6. Finish inside with glass paper, plane and finish the round edges. 

Process (for pin tray. Nos. 5 and 6). 

1. Saw out, and plane material to finished thickness, length, and width. 

2. Draw centre lines on face side, mark axes of ellipse. 

3. Prepare a paper trammel and describe ellipse. 

4. Gouge away the inside part and finish with glass paper. 

5. Round edges and finish. 

The use of glass paper in connexion with the above models may in the first 
year be considered undesirable and omitted. 
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^(iG Joint ^ 


EACH PteCE 
NOT LESS 
THAN ^‘/ii 
INCHES LONG 


three 

FOUtiTMS 

SC^LE 


^N EXERCISE IN THROUGH OR- 

'COMMON* DOVtTrilLlNO 


PINE ORN</HlTE - 
WOOD TO e>E USED 





half sectional view 

THROUGH OIVVSION 


HALF FRONT 
ELEVATION OF BOX 
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SECOND YFAR MODKl.S (WOOD) 

K\ll i. 1 U)\ (1 1 - 1 ) 

\(,I, I't'i- knili i{i tail di.iw nt w liu li ai( --hi >u n in I i;- 1 . | >< i > |i( O ivc 

ti h III I i;; ‘J, 1 » ailil Dc* 

in ui( u| \iM( iH in uliiii - 
wuimI oi \( How |iin<‘ ll 
» U^< (1 iol ''pO' til'', jofk A, < t( ^ 

111 lll't;^in\ would In ,l llioic 
Miit.itilt III it< I i.il, the iiiskK’ 
liiH d u idi p,n t 11 1 m!/c 
The Joints at lll* < omcr, \ 1 / tliioiii;Ii d')\( (aiH', an* illii'lraD d oppmilr. 

It lA ricoiuiih ndi d that ono 1 oint 1 h. i.ikt n as an < i< i"-'' h loin proi ( (■din;^ 
uilh tlic ( oinpli In inod(.l \ lioi^M-d |(iintisiiMd tn • onn» < t tin < < ntn pu « i 

\Mth ihn I nds d hi pioiidiin foi lliis l^ .is tollows 

I. riant np to thit.kni ss ,ind ''ju.im Id s|/(, iwo jiu < i s Auk.i k .m winti WimkI. 
6 X 2 I X 1 in. 





2. .Squarn two linns at idss pint n A, | in tlna p on nd;^'n. 

]. ( ut a^^a\ hlat ktntal p.irt ol di.r^rain | dnt [> with rniiinr < hisnl 'J'liis 
j)Lrnul^ the uitrannt; ui a dD\ttail saw and allo'As saw cuts lt> hn iii.idn the ic- 
tjuirnd dnpth. 

\ Rnino\n waste*, t nt ‘•houldnr on pinnn ]>, and fit to^t tin r 
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Description of /i\' I {continued)^ 

The Process, -i. Saw out aiul plaifc to thickness the following material : — 


/'in^/ish. ’ Metric. 


I bottom 

I ft. I k X XJ* X 

in. 

yellow pine 34-5 x 21^ 

X 

1? cm. 

2 Ends 

Xj X j X j*,. 

in. 

n 21 X rs 

X 

1-2 cni. 

2 Side'^ 

I ft. f 1 X 3 X 

in. 

.^V 5 X 7'5 

X 

I *2 cm. 

F Division 

I ft. o*{ X j 1 X 

in. 

M .D 5 X 12 

X 

1 '2 ( in. 

.». Shtitit f. 

u e edges of .dl pu.'c 

( S, 

plane to length anti w itlth 




V •(»angt* for doi-ct.iiling, inafk and tut sanu*. 

Sol out and cut housed joints in division as per al)0\f, 

5. Set out division, also liand hole as j)ei I'lg 'i ; and work same. 

(). (Hue U|) model, when diy, level off and fi\ in division. 

7. Round edges of hoitoin and sciew same to box. 

A CLOCK CASK (Mg 4 ). 

Object. - d'o produce .1 Useful model embodying very elenienf.iry processes, 
vi/. sawing, smoothing, shooting, grooving, and nailing. ,\n American clock is 
utilized for the inovi'menl. 'This must have thiee small (sirs or llanges soldered 
‘ to the sides (set.* set'tional and bat'k view) whit'h provides for the necessary fixing, 
'Lhe bottom curve may be dispensed with if netassary. 

The Process, t. IVepare a working (Inwing of tlu' model upon a J 
impiTial sheet of caitndge p.ipt r, viz. full fiont elevation and a set tional view 

2. I’lepait' alst) a t utting list 01 timber shet t fitun the drawing. 

3 .Saw out and pl.me up smotith the following mateiial 



D/ixl/d/ 










Front 

vvhitewood, 

lol 

X 

si 

X 

s 

111 . 

27 X 

'4 5 

X 1 

[ cm. 

Sides 

,, 

io( 

X 

.U 

X 

.{ 

Ill 

27 X 

5 

X 

I t'Ul. 

Bat'k 

,, 

lol 

X 

55 

X 


in. 

27 X 

14 =i 

X 

1 cm. 

Top 


6] 

X 

4 

X 


m. 

17 X 

1 0 

X 

I cm 

Btiitoin 

„ 

5 i 

X 

» 1 

~ 4 

X 

8 

in. 

15 X 

7 

X 

1 cm. 


Shoot fat:e edges ol all. 

Shot)t fata* sitle ttf t‘ach piece on shooting btuid. S(]u.ire also one end 
v)f each piet'c. 

5. I’kiet* sitles, liack, anti botttun togethei, and mark length across the 
three etlges, also position of gititives (to let eive bottom). 

6. iNfaik bottom and top to finished length. 

7. Saw anti shoot all pieces to length ; gauge anti plane all pieces to width. 
S. Round thiee edges of tt)p, cut grtitives and t ircular hole for face in front 

and bat'k. 

9. Nail sides tm to botttim, then front between sides. I'ollow by nailing 
ttip down. 

10 h'lx the clock movement, and ('t)mplete b) nailing in the back 
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(;i,OVK Ok II.-VNDKERCHlkF kOX (l'ig.». 

Object— To embody elementary processes in a simple model. 'The first 
year example is whitewood n.nled together with stencil decoration. 

'I'he second year e)( unple shows the application of thrcnigh (Jovetailing, and 
intrcxluces a simjilo form of decoration, vi/. vee tooling with wax inlay. 

The Joints of the first example are» simply nailed or sec ured with [lanel 
pins; small pins c)r sc*re\\s arc; fixed through the ends into the lid, .icting as a 
pivot (s( (‘ also plan of b.ick <'orner shown); whe-n the lid is i.usc‘d llu bac^k edge 
lests ag:iinst the box* *ind slojx's slightly backwards. 

The Processes for the first ye.ir model. . 

AV/gZ/cZ/. 


Out out 2 knds Whitewood, 

() 

X 4) 

X 

s 

' 55 ^ 

i I ( 111 

,, ,, 1 I 'lont ,ind l,{ac k ,, 


d! 

X 

4 m 

.U 

<S cm. 

,, ,, 1 bottom ,, 

*4 

X 6 1 

X 

J ui 

5 

1 5'75 fill. 

,, ,, 1 lop ,, 

12] 

X 5 / 

X 

\ m. 

.>'■5 

n 75 cm. 


2. Smooth up all material on b(»th side^. 

3. Siju.irc; up to width .ind thickness b.jc k, front, top, and bottom. 

4. Dr.iw centre line' on end, and draw' half comiilete outline, du[)licate on 
other side as follows 

((/) 'I'l.u e half outline* into a piece of stiff ir.jc mg |)a[)er. 

{/>) 'Turn tiac mg paper ovc*r and go ovi'i the* outline with a hard pc*n(jl ; this 
w'lll K*ave mark on the* wood, whic h should be* lined m 

5. Rc|)e‘at the* outline on other sielc. Pl.ie c* both piec es together m benc'h 
vic'e, cut with line b()W'--.aw and finish with file*. 

6. kound the* e*dges of bottom and front and biek edge's of the top. 

7. Nail up the beex as follows: Xail the ends on to the* front, inse-rt back 
and fix same. I'lx the bottom, finall) lit the; toj), mark e entie's as pL'r cliagram, 
and s( ie*w' or pm. 

The Decoration is bised U[)c)n a simple natural gie).\ih. Pu[)ils should 
prepaie an outline fiom a spec'ime*n, then e onveil to a suitable stene il ; this can be 
cut in ordinal)' e'artiidge p.ipe r with a sharp-pointeel knife, anel when [ilaced in 
position on the box, the colour is dabbed on the woeid through the cut-out 
portion ; the pa[)er is then removed and the paint allowed to dry. 

The Second Year Example illustrates a slightly me)re diffu ult ornament. 
'This should be drawn on c'artridge jeaper first, then transferred to the box in the 
manner pieviously described. A vee tool is used to cut pattern, which can then 
be coloured or fill**d with ('oloured wax (^ee also p. 14S). 

Other suitable decor.itive patterns for use with this model are illustrated on 
pages 15 and 29. 
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KNOCKKR AND NAME PI.ATE (Fig. lyj 

N’otf. — I’hough woodi> not generally used for door knockers, some excellent 
s|)ecimens have been executed in this material, notably tho^e at Gwydir Castle, 
Wales. In one a conventional rendering of a lion’s head is thc^oiitj/anding feature, 
while another example shows a pleasing apj)hcation of chiselled work. An iron 
button is fixed below the actual knocker,, which strikes against an iron plate 
cut into the door. 

Name Plates, such as tlie exam[)le dhistraled, can well be executed in 
wood. .The lettering ^'.in be either re(a‘^sed, or left in rrlief bv gouging the out- 
line (see exaiii[)l( s, log. (i). 



Oak is suitable mat( rial, left in natuial condition uith high parts ('oloured. 
I ame wooil is an easiei mati rial to use, but should be painted. ('essary boldness 
is given to the lettering, et(' , by jiainting with <i ( ontrasting colour. 

Processes.- -The Name Plate. -’riu‘ lettering is Ix'st e\ei uled by 
drawing upon earlridge [)a[)er Good e\am[)lcs in \aiious st)les are given in 
Lewis h'. Day’s “ AlphalnUs Old aiul New”. (ieomelri<'.il » onstructions are recom- 
mended. \\’hen a salisfaetoiy design has been prc{).ired, it can lx* transferred to 
the planed siiifaee ol tbi wood by the insLilion of raibon pajier between the 
design and the wood. .A haul peiw il is used to tiaie the outline, which leaves 
eoru'spondmg in.iiks on the gioundwotk. 

'rtie lellei R illustiated is cut loiind (as shown in sl( lion in Fig. (S) 
with a sharp gouge; the outside pait ol the gouge ( uts is then paierl ddwn, 
prodiudng the bottom section sliowii, the loiter standing up in relief. 

. The letter (^) illustrated sliould lie gouged ,V in. deep, s(|uare with groundwork, 
then gouged down as shown in sei lion, leaving a V shape. In P a similar pre- 
liminary piocess is dfeeted, then the back paits are lemoved with a “grounding- 
out ” tool. 

The Ictti'T P 1- the simplest to exes ule Vee cuts are made, the sharp edge 
of the outside part being removed with a chisel. 

For The Knocker the following Jiroeedure is satisfactory .— 

I. Plane up mateiial to lluckness of lu 

2 Draw centre line on wa)i)d. fieeband siiapwork design on one side, com- 
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Description of Fi\^. 1 [continued). , 

pietc the other half with tracing paper, or draw on cartridge paf)er and transfer 
with carbon j)aper, 

3* ( )iitlinc the inside part of the design with chisels and gouges and cut down 
back [)arts as shown in tlv s/jction, * ^ 

4. (.'lit outside (jf shape with bow-saw and finish witli file. 

5. Fix hinge, button, and sinking plate*. 

Object. -To introthwe simple carved exercises — involving good tiaining of 
hand and eye --as a complete* model 


A TAbLF bOOK-SFANM) (l-igs.^8 and 9 ) 


Object. - I'o show an .ipphcalion of lapped dovV'tailing to a sim[)le model. 
Also t(j introdu( e simple eh.imfered moulding, sha[)ing, and inlaying 'The let'iglh 
of the model <an conveniently range fioin i 1 in overall si/e (as per example) to 
2 ft. over all si/c . 

The Joints. -Milremg is used for the b.ise moulding, and lapped dove- 
tailing is a variation of through* or common 
dovetailing illustrated on [), iS. 

'I’he best angli* for dovetiUling, either 
through or lappt'd, is i in 6 ; the (xircase 
and si-cret dov (‘tails i in 6. d'he best 
method of oUaining the correct angle is to 
draw a line' (' 1 > in Fig. 8 4J in. long. 
Then to divide it into six e<[ual parts; one 
ol these divisions should be drawn at right 
angles to 1) and a sliding bevel can then lie 
.idjusled. One-eighth the length of I) can 
be sub^tltuted for the divisions if desired. 
Procedure.— I'Ol llu* exen isc No 1 , Fig 9 : — * 

I. Plane u[) pieces to width .ind thi( knt‘ss. 

2 Sipiate oive end of eac h pie«a“ 

Decide length of dovetail, rather moie than two-thirds thu kness of socket 

.1 , 


a, 

.4 

.5 

.6 

.7 

5 

D 


piece, gauge same on both jiiec'cs. 

4. Space out dovetails, m.irking same with the bevel. 

* 5. f Alt dovetails, and then fix the thic k piece in the bench chop. 'Die end of 

the thin piece should then be lined u[) with the gauge mark of the cap, and held 
firml) in position. 'Phis can best be efTeeted by placing the end of the dovetailed 
piece upon a plane or block. Press firmly down, {ilaee saw in cut, and draw- 
forward. A mark will lesiilt in eac'h instance. 'I'he guide piece can then lie 
removed, and the socket piece reversed, then cuts are made with dovetail saw, 
leaving the mark upon the wood. Complete by chiselling out sockets and waste, 
cut shoulders with dovetail saw. 

The Process. — I. Plane up to width and length . — 
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Description oj 9 {continued). 

Kn^lish, Afetric. * 

2 ]MC(< s for Ends 7 l ^ ^>1 ‘‘i- * 9‘5 x >S ‘5 

2." Saw out and plane up to thickness: — 

I piece ((jr HolW:)in ii x in. 28 x 15-5 (-^n. 

Moulding, I length 3 ft. 2 x 2] in 97 x 6 cm. 


3. Shoot bottom to length and width, ‘[ilane ends to width, and square one 


end. 


g. l*lanc moulding to width and thickness 

5. Dovetail bottom into ends (as per {ireeeding detail). 

6. Murk centre lines on ends, draw shape on half, .ind duplicate ^ ith tracing 

[laper <ind temiilel. * 

7. ('ut and regulate sha[)es, pa[)er u() same 

8. Set out inlayingas pei perspective sketch, or c<irvmg, tooling, 01 stencilled 

decoration (see bottom diagrams). . 

9. Sandpai>er up all parts; glue together; when dry level off bottom and 
edges, and mitre round the moulding. 


'r]-:A 'FK/W’S (Fig. 10 ). 

Object*. A usclul model showing the ap[)h('ation of d sim[)le angle joint, 


viz. 

tongueing 

In the (Mse ol 

the alterii 

i.ite constructive ^ 

detail 

shown, 

viz. 

diminished and 

housed dovetailing, this is 

more Suitable for 

■ second and 

third 

year 

work, when 

a greater d 

egree 

of profick 

•ncy has been attained. 




The Process (foi mam cle 

valion and 

sectional vi(‘w).~ 

h'lrst 

)car model. 


lhe[)aie aiu 

1 plane up 1 

to till 

1 kness the 

following material 

1.— 





En 



Metric . 





I. bottom 1 It. 

4 X 

1 l f X 1 

in. 40 X 29 

X I 

cm. 



2. Sid 

<.‘s 1 ft. 

8 ! 

' 1 X } 

in. 39 X 32 

X I 

cni.^ 



3. fail 

ds 1 

1 x 

I 1 X 1 

in. 2()*5 X .g5 

X 1 

( III. 



A scaU* of one-fillh lull 

si/.e ( 

jould be ado[)led with advant 

age in some c. 

uses ; 

the 

eutting si/es 

would tlk'H 

be as follows : 






1. bolt( 

)m 1 ft. 8 

X '3 

i X j in. 

50 X3625 

X I • 

25 cm. 



2. Sides 

i It. 5 

X 1 

X f m. 

4 '"^ 75 X 4 

X I 

25 cm. 


• 

3. Ends 

I ft. i j 

X 2 

i X .V in 

83' 1 X 56 

X I • 

25 cm. 



1. I’lane sides to width, place same togethei in bench vice, mark finished 
length on edges, and also the groove^ to leceive tongue. 

2. Place ends in bench \ice, set out finished length on edges, al.so shoulder 

line. 

3. Gauge on thickness ol longue, cut same with dovetail saw. Cut grooves 
on sides and fit the frame together. 

4. Set out sha[)e of end, as per diagram on this p.ige. 

5. bore holes for handles, finish with ke)hole saw and files. 



C/fAP. 111.3 JjipcOND VKAR MODF.I.'i; W(X)a 29 




\7ie\3gr of 

to be iT)3^de 
of • white vxNDOci 

IDps^xi^n One 
Os^e’Kpt^’.p JI>11 
5i^c 

vi^tBoOt J^pfohed 

DecopdCt'ion 

'•o ^ GBiPd 


>'ce?vP A^odol 

1 txecOtod IT} 


Kevpdwood ^ 

• 

lOecoT^ixi^evI . 
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• 

6. Cut top curve, finish wi^i spoWeshavc, glue together, ^and when dry 
plane up framing all round. 

The Etecpration of a first or second )ear model should be restricted to a 
simple arrangement ot gouge (Jiits or vee tooling. l'*or the ihbd )c^ira slraj)-\\ork 
design is show-n whu h c-\e( uteil by cutting the groundwork away slightly so 
as to leave the design in relief. Its effect is enlianced if the surface of the strap- 
work is (lit slightly hollow. 

Sim|)le de( oration* ('ould also be introduced round framing, as suggested in 
the perspective sketch 

Alternate Shapes for tlu^ ends are illustrated, these could be su[)ple- 
merited indefinitely, l or < la^s work it is recommJndeil ih.tt pupds lx? given 
definite data for the hand holes, and be allowed to exjiress lluai own ideas for 
the outline, subjei I of ( ourse to ('nticisin and guidaiK e. .Alternate details are 
also show’ll suitable (or a moulded bottom. 
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THIRD YEAR MODELS (WOOD) 


\ HANClNli I.ANir HR Kl- r (1 I.u 1) 


Object. A iikuK 1 (It ''igiK <1 i lii< t]> to iiilrt»t!ii. t -li.'pin-. (Ulliiti; will) l»<wv 
SAW, Aiul woikin- with si>ok(^l)A\t .ind hie. Mo. .)> .Ill him III simple 


ret t'ssinu. 

The Joints inti'"l''' < 'I -t ^unpl'' m<»it>"-' •"'H t<noii jomi, .iiulsi(H.t 
s( (1 liMMf; <i( s( iil.t (1 lx low 

Decoration in th( t v.impK illusti.ited is a simpl, oiiiliiu \it tooltd, oni; 
side of lh( I 'It h.i\ mg th«‘ sh.up t d,:^<‘ uinoscd (s<'e s((iioii on lioiit (K\.ilion) 
The ha( k^round (.in In < oloiio d loi . Ih < t, . eil.iiii sh.id. s ol l.liK , .i^i < n. oi |‘'<1 
harinoni/ing wt 11 w iih o.ik 


The Process. 

I. I'ttpaie. A//;//.// 

I pi..' ( loi H.i< k« I t X t. in 

I ,, ,, slu II X .S Ml. 

I ,, ,, Hi.k k( t t) 1 X j I in. 


)A///. 

s ^ I S ' in 

j ^ . JO 5 ( 111 

1(1 X (» ^ ( 111 


j. Rlaiii up ( .H h pit ( e to tliK kiK ^s, n du( < l>.i» k <.nly to w idlii 
^ MSrkactnlrt lint on h.u k, fn . h.iiid the(iir\e on 1 < (l side, dui.litale 
nghtdiand side with trat n\u p.ijx i 

\ i’lane one eclj^c of sh. II, st l out sli.ipe with ( tmip.isst s 
5. I’lane one eti^e of hrat kt l, set out shape with t t.mpasst 
*6, (',auL;f niortise on l).t( k (l)oth suit s) .ind t( non on lir.n kt t Hort ; in hole 
and finish mortise with liimer < hist 1 

7. Slot s( K w' the brat ket on to tht slulf (ste liter). 

S. I'lx back in be lu h mcc, .iiid saw cui\t s ( m. oiilsidi line) with bow saw. 
Repeat [irocess with bracket and sht It. 

9. Finish ea('h p:e< e with spokeshave, fih , .nid ^lass-p ijier. 

10. Draw design on back, and outline- with \ec leiol. 

II With a small firmer chisel merge* one lint eif the (lit on to the baek- 

groiind, 

I 2. Cle.in ii[) all surfaces, and screw the model tog. the r 
I Paint m background of recessing. 

(30 
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MIRROR OR RKTU10-: FR.AMKS (Figs. 4 

Tooled, Inlayed, and Stencilled. 

Objeot. — I'o show applications of a long and short 'shouldered mortise 
and tt n<*n joint to a tenon<d-up frame 'I’jiree shapes are 
illiKtHiltd, cmhndMng similar consiriicioc features. The 
oinaiiunt is \aiied, the first tvjK: shows an ariangement of 
y*"* smi|)le gouge < uts, tlie sei ond — witliout sh.qiing — show's a 

sunph' inlaid tri-atnu nt, and the third exampK illustrates 
the ap|ih< ation of stciff ill< <l oinameut. 

The Joint ( see di.igi.im) .Is an e \( n isc is best ( ut 
iioiu two pi( ( t s ol pine or*whilewood (S j x ^ in. 

Tin se aie pl.iiuel to Width .iiuf the Iviiess, and then set out 
,is illusti it( d in I'lg 4 , below. 

I Si ju.iie .K'loss hm s on stile ]>i( < e to idth of rail All. 
2 . Siju.iie a< loss r< ball' line .ind haiim h line (d). • 


D^eal 

otdhe 


, 

niy 

(Mm 


A* I 




V 


STerxilled"""’'"""! 
PsCtTera 


shouldei lines .K loss on ra 


1 pie. 


JvF 1 1 dn. 


F on b.u k suF 


dotti d luu '• 


.Saw out, .ind [ikiiu' U[) to 


)/( ///( . 


I I 111 
I" 
1 ( in 


j pu. 
I pie. 
1 pu. 


I' I (111 
1 . 111. 


S;|U.U.‘ 
lioiii . n.l 

.} R. lUIll F on f.ie.- side 
5. S.'t gauge to luoitis.' ( his.'l {/pd .ijipiox ) 

(). .M.iik moitise on stih' .ind tenons on i.iils (se^ 

7. Moitisi' stile, < ut (. nous, .ind then lit tog. the 

The Process for Frame (I'u^i evuupU) 

width and thi.'kness . — 

AV/g//.// 

J Stll.'s 1 It I 

1 r.tp i.iii I It \ 

1 I'xitloiu l.lll 1 It. t K 
I'kice stiles tog( th.'i in buu h \u .ind spu.m' .u loss sight hiu s of lails, 
then h.uiu'jh .ind i.'b.ite lines, g.uigc 
leb.ite hues on l.ie.g edges, and ba.'ks. 

M.irk mortise .ind tenons, r ul 
same, then shoulders, work the rebates 
with plane (see p i.gp I'lg 10). 

4. i'lrmly se.uie one stile in 
ben. h, then leduee tenon to width; 
test same in mortise .ind fit same until 
both shoulders aie tight, .ind mil lies 
in tlu‘ same [>lane as the stile. 

5. Rejieat this process with each 
remaining corner of the frame. 

^ (). (dass-^xiper inside edges and 

glue frame tog.’ihei. (Ii.m stops of bench used for one end, with light iron 
cramp across the other rail.) 
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7. When dry, the frame is planed ^down level on both sid(fs, and a centre 
fine drawn on face side ; the^ciirves are then 
traced on paper from the full-si/e dra\^ing and 
tr.insferred lialf at a lime Ciirh side of centre 
hne. 

S. I‘>ame i^ placed in bench vine, shape 
cut jusl (mtside the line with .1 liow' saw, Ihen 
filed and regulated, vi/. freed from lum[)S and 
irregularities, and finall) papered up. 

i). 'rooling IS spaced out with dividers and 
drawn ujion the wood, tiu n a seribjng gouge is 
used to tool the su'fa<'e. Tapering concludes 
this part, and the addition of a hack from \ in. 
{line ( ompleles the model 

CANDTT T»RA('Kl'/r (l ig. 7 ). 

Object. — d o show the [)ossii)ihty of com- 
bining nu-tal and woodworking processes in one 
J'Ki. 6- .\ sli.umg minor lo liaii}; model 
upon A wall. ]' \rcut< (1 in wlnlc- 

w'ood and painitd The JointS emj)lo)ed in the woodwork- 

ing portion are a double mortise aiu’ tr non joint, with single ditto on bracket, 
and scciel screwing to sei ure hi. i< kcl lo shelf. I'lie (andU; s<'om e is intended 
lo he sciewed down to the hi.n kd. 

The Process. I. The model to he di.iwn on (.iiliidge [lajier, full 

M/e. 

2. .S.iw' out and plane lo width and tliuknes^ — 

/X-//s//. JA///,. 

I piece Hai k \o\ x .\\ x i in. jy 5 ^ i j 5 x 1 0 cm. 

I ,, Tnuket () X l i X _hn. 155 x 3 5 x 1 3 cm. 

I ,, Shelf X \\ X fin S x X 25 x i -3 ( m. 

'5. Draw cenlie line on hack S(jii.iie at lOss lines lor mortise, and niark 
oullim' with tiaeing papr r. 

Set out shoulder aiul tenons on hi.ieket, < ul same, .d^o mortise and tenon 
in f)a<'k and lit together 

5. JCxet'Ule the secael seiewmg in hr.icket and ^helf (see j) 33). 

(). .Si*t out line sh.ipe of hr.ieket .ind shelf, cut same, also the back ; spoke- 
sha\e, file and glas-.-[)a|xT to line. 

7. I'AeiUle inlasing as pi r below, then clean iij) all surfaces and glue 
together. Iht scorn e and fix. 

The Decoration of the example under roMcw is wood inlaying; this can, 
alternately, he entirely omitted, or simple carving, strapwork, stencilling, or 




VIEW OF Tt-C 
BR<^Ck.ET 


Ci^NDLE 

SOCKET 
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tooling ciin be substituted. • {Kefbrenct^ to the latter with suiiilble ideas will be 
found on ojiposile jiage and on |) 1.14 ) 

Procedure for Inlaying. — It is assumed that the oniameiu i> drawn full 
bi/e on cartridge paper. ^ . 

1. 'Trace the jialtern on to iraeing pi{)er. (ium or [»aste this dov\n to the 
back in eoriec t [losition 

2. l*rej)ar(.‘ anotlu r ti.n mg ol the inlay , ( ut up into small [jiec'es, each con- 
taining one unit ol the dt sign (or alternately), as desuilnd on p 145. ('due 
these ira( mgs of units down to veneer, taking care to h.ive the gram running 
liom h( e 1 to point of eai h 1« al. 

4. (ait lea\esand sl( ms with fiel xiw or g(>uge,.k(( ping jusi outside the line, 

1 ( louge groundwork, Miltmg just inside the line , leinosi lort’s, and glue 

units in position 

I'ote the spot units, and gliu* m previously prep.iu'd stu.ks 

(). 'The s(|u.ue units an* < III w ith ^ m c hiscl, 

h'lNOKR TLA'TKS (Tig 8). 

Object I'o introduie vaiious e\ei( ises m a i omplete model, involving 
manipukiliAn of gouges and gioundmg tools as sper i.d practice for hand and 
e)e. 

- -'The thud, tourth and lillh examples represent those jil.iced benuith 
the handle and loi k ot a door, and the' length can readily be extended for ui)[)er 
[)latcs. Many altetnate arrangeiiu nls can be c'flVetc'd, such as carving on top ot 
U[)per plate, and \i(c‘ \cTsa Wdum extra length is desiied, the ornament is such 
as to be rcsidiK adaptable 

The Process. A full-si/e diawmg ol a [)late should first be made on 
c'arliidge pa[)er, ihcai the wood selei led. 'The following woods are suitable, and 
range' m (hniculty ol working m the order gi\en, \i/ .Mahogany, xSalnut, oak, 
sycamore', boxwood, ebony, and s.iimwood. 

First Example. -1 ( ut out .md plane to width and thickness: — 

I'.H'Jisli. Mi'tfu, , 

'To[) plate 1 jiiec'c hardwood 11 x 4 x { m. base 28 x y() x 'hem. 
bottom plate 1 piec e ,, ^ 4 ^ .> “O 4 ^ 7 6 x -6 cm. 

2. Draw centre line on each [uece 'Tiacc- half the outline on plate and 
oinament from diawmg. 

4. 'Transfer this on both sides c)t centre lines with tracing paper. 

4. Clamp wood on bench, and outline design with carving gouges. 

5. W ith a groundmg-out tool remove mteiior parts to a uniform depth, 
keeping corners shaip 

6 . Cut the face of the oinament to give an interlacing effect. 

7. Comj)lete the model b) cutting outline, rounding of same on face side, 
and sandiiaper up the Hat surface 







40 


haN.’ik:rait. 


• [chap. IV. 


Fourth Example. — I. Prepare material (as {)er above) tnd transfer detail 
from drawing with tracing pa{)er. 

2. 'Pile stems should be cut from veneer, and cut into the groundwork and 

glued. , ' ' • 

3. 'I’he leaf units are next cut. 'I'hey are- best made by two gouge 
cuts m a K af ol veneer, and may be cut into the groundwork in a similar manner. 
'Two gouge (uts art- made the rt-qmred depth, and a slight turn of the tool usually 
suffices to lemove the core. 

4. Units are glued in position, holes are Ijrjred for the berries with a small 



I'u.. g design for a simple carc.asc model. \ st.ationcry c.ase. 


twist or centre bit, and a cylindrical stick, eijual in diameter to the berry, is pre- 
pared, and can be glued into a hole and cut off level with a do\elail saw. 

Inlasing is fuither desmbed in eh ipter on “ l)e('orati\e Processes'’. 

'I’he oinament slu)^^n m the second example should l)e executed by first 
outlining tlie ellipse with gouges, and tlu-ii hexelling as induMtcd with flat 
car\ing tools. 

BRICAI) PLA'l'l'KRS (Fig. 10 ). 

Object. — Po introduce bow sawing and filing exercises. These models are 
specially valuable for good hand and e)e tiaining. Whilst general features 
aie tbllowed, there is ample scope for individual taste on the part of pupils. 
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Oimmciicitij.; with the drawing oC .i jilafti c ircle (or outline an(| an inner circle 
for the-recessing, iiuliMdual cTfort can lx; cn('oii'-ag<-d in developing the. outline, 
charnfcringy, and orn.iiiicnt of rim 

Material. — .Sycamore is an e\< client wood for this mc^dt 1 ;.limewood may 
be considered tlx* iickP best ; it is both softer ind eaucr to work than the 
former. Arnerx an w hitewood is le.ist s.itisfac'tory lor class work owing to its 
liability to lasl and twist. An aveiage cnerall M/e ol 12 in is recommended. 

The Process (c'\.im[)lc \o. 1, Fig lO) —1. IVepare a drawing of the 
platter, full si/e, on (\irtridgc p.iper. 

2. Flam; up tlx matcii.d on both sides and strike diagonal lines. 



H8\lf vieC>:C3h.eQ I ^ ^ I 

ac'l \ c0l-.1o ovHiae. y tem|ol®te. 


Fin. II. 

3. 'Fransler the design on to tlie mateiial. 

p ]'Ac‘c'ule the ic cessing ; this should I c done with a Hat gouge. (Occasion- 
ally it siu)uUl be tested loi corres I depth with the templet (see diagram). A 
router is used to finish the recessing to a uniform depth (see sketch above). 
OlasS'pa[)er can be used to finally smooth up.) 

5. C'ut outline to sh ipe with bow saw, and finish with tile. 

6. Isxecute carving with gouge cuts square to lacc‘ side , the gioundwork is 
then levelled (see section above), IcMvmg the stia[)work or leaves, etc, in 
relief. 

7. ( 'omplete the model by spacing and pencilling the clximfer decoratx)n, 
file this part, and finish with sandpaper. 



ChXp iV.] 
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Fig. 12. — An adjustable towel rail to be made in leak, -^jcamore, or American whileuood, 






.44 


HANDCRAFT, 


[chap. IV. 


Desiription nf Ju)^. 10 [continueii). * 

first example, described above, is worked upon a* circular 
geometrical b.isis, the decoration is centred upoti dijgonal ‘lines, d'he second 
specimen has a hexagonal form, the sides being converted into curves with small 
intervening detail. Ihe*main elements of the strapwork decoration are spaced in 
between the diagonals, i'he third exampje is based upon an octagon, and the 
leaf decoration is intended to be slightly recessed. 

No. 4 is based {i[)on a circular outline, with simple conventional floral 
ornament at the ends of the diameters. 

No. 5 shows an e\am()le worked uj)on a ( ircle and diagonal lines, as does 
also the last specimen, the decoration in this case being in slight relief from the 
rim or gioiindwork. 



Wooden Latch and Holt from a house at 
Biotkhampton, Herefordshire. 
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SPECIAL MODELS IN WOOD 

FOR h:VF,Nl\() PUPILS ANM) OTHl-RS 

SWIN'C roiLLT MIRROR (Fig 1) 

Object.— A niodfl (k'sigiii (1 « lilt ll\ n[)()ii tlu’ list' (il lU'UtiM' aiul tenon 
joints, and to show tiu' apiilnalion of simjiK' gronu tiu al painted dei oiation, 
strapwork ear\ing, or ret t ssin^ and i liandt'red ornament. 

The Joints.-- -All of tin* joml^ I omu ( lim; the \.nious p.irts aie similar, i e. 
mortise and tenon. 

The Procedure for (omplete ex.imjile illustrated is .is lollows- 
Mark and saw out the tollowin^ put is 


A'// ^ //'//. * iSfdth 


1. St.intlards 

2 pu t es 

It. s 

j 111 / 


1 "> 

Is 

X 

7 

X 2 

111 

2. I eel 

2 

7 

in 

i‘ X 

i 

'7 s 

X 


X 2 

m 

3. (doss Rail 

1 pu ( e 

It. 7 

in 

>1 X 

1 

1-S 

< 

7 s 

X 2 

III 

4 Ciinung 

I 

7 

in X 

X 

J 

1 7 

X 

4 

X s 

111 

5. Stiles 

2 putts 

Ml 1} 

in X 1 

X 

; m 

1 1 

y 

2 S 

X 2 

111 

6 Rails 

2 1 

' 5 

in X I 

X 

h 

4 ' 5 

X 

“ S 

X 2 1 

m 

7. (jiass Hack 

1 piet e I 

: ft’ ^ 

111 X I 

' 5 X 

I’^.i in 

;o 

X 

29 

X sS 

III 


8. Plane U[) fate, side, and t dm of .ill material 

^) (laugt* and plane all pu t es to width .iiul tint l^nes^ as per drawiiifr (with 
excejitton of bat k) 

to. Tenon stand.irds mtt) feel (.is per tliagr.im I‘ig. I) anti glue uj). 

11. Set out shoulder on t ross rail .ind mortises on stanti.irds. (dit tlu'so , 
and fit together. 

12 . Work ca[)jungs, tdean up .ill juet es for st.mtl. ]• ix t .ipjungs, .ind when 
dry cramp in ertiss rail, testing carelully for stjuareness l)efore leaving to dry 
(sec Fig. 2). 

13. Set out stile and rails foi glass frame (dt-lails as ftir a dtior frame 
illustrated on p. 35). 

14 . When the glass frame is dry, plane up stpi.ire and clean up; in. 
each side to be allowed for screw movements. 

(45; 
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HANDCRAFT, 


[CHAP.^V. 



I'lO. I. 




CHM*. V ] 


sPFriAL Moin:i>; in fiir kvfnin<; ntrri.^. 
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15. Cut plaks iM sliks ()( fr.inu* ami lH)re stamlanls. 

16. Fix glass' in franu-, a> tn «hagrani Fjg * 

2, hv gliit-Ing bkx k^ 1 in long in llir jH)MtK)n 
shown. Conijikto l>\ m owing on l)a» k as [xa 

tion. 

The Decoration «'t' < nmpli ir spn i- 

nii n sla>w n is hast d npuM a simple gt t**iu Uk al 
pall< rn I his should lu st t out as shown in 
front ckvation 'xpiaits are first diawn, tiun 
taih Is diNidtd into lour pails (si>t' A) Senn- 
< ir« 1( s ar«- I ht n dt st 1 ilx d 1st H) and I mail) .1 
('ir< le in eac h ongin.i! stpiait tout hing tlu suit s 
(rtferto^j A smiph diapt i is thus It.inud, 
w In ( h should hi ( olouit d in w ith \aiious paints 
and sahle hair hiushis A sunilai pio. tdun 
is followed lor the staiulaids 

Alternate Treatments toi tin siandan's 

and ^ross lail .iri aho illustiatid opposite 
d'he fir's! and se< ond eN.imph s n pn v, m simple 
re( t ssing fornnng strapwork, whilst tin foui 
last cxampks show \aiiation of' luithiu oinann nl 



AN rriioLsri.Kid) .mooi. 


id with 

(I'^ -C- 


1 It., 
■asy 


hamit I ing. 


based uj)on stools of the khi' 1 n Anne petioil so fai as 


Ae/, --'rhe nil »di 1 1 
geiier.d outline is i on- 
cerm d 'The trealiiu nl 
of the iiiulei -r.nhng is 
ess( n t la 1 1 \ modi r 11. 

'rurning for work of 
this ( ha:a( ter is lx st 
studied from old ex- 
.imples, the first and 
tlnrd*(‘\.imj)ks .in* ad- 
apted fiom (^)ueen Anne 
detail, 'rile method of 
ronnecling tiie under- 
railing is desi rihi d on 
|). 53 111 connexion with 
occasional tables. 

Wainscot oak may he 
n<icd for mode I. of tins 3-'' ''•''''K 

t)pc“, hut Italian walnut is preferahke Various methods of building up the 
turning are illustrated in the diagram Fig 5 on p 49. 













V.] v|'r< IM IS‘ I Vj N!\(. !‘l I'lFS. 


A9 


The Process. 

out .unl pl.uu ,up 

lu w ullli .unl till 

• 

kin xs tlin lullou ' 

m^' ni.tUi nil - 


/k.-..oA 


V, //,/. . 



1 0 1 III ^ ^ j 111 h 

f W.lluUl JU X 

fx - t X < in- 

.jloa 


\ \ 111 X Ill 


} S ^ t ^ ' in. 

2 I.oip..; KiiU 

i H 

: ; i ' 

- 

7 X 1 111. 

Sin n 1 ,, 

1 li 

! l ill ^ V s i^i 

> \ • 

7 - M 1 1 . 

jl'mi. i 

j It 

’ m '■ ; 1 \ ^ III 

Of.. .. 

S .X 1 S ‘ III. 

I MouMin.; 

n It 

; Ml . , • , 111 

1 '1 . • 

1 ; > 1 (111. 

I'oi Hr.n k. Is 

I ti 

.s m ■ ^ ‘ ^ m 1 

„ , c h S * 

1 o ■ • c; ( 111,' 

1 Sc 1 out 

ti in 

in'- o:i t u''> .unl iiioit)--. ' 

. on !. 1 111 s 

uiu ( Ikiri'-l.u 1(1 

t. in 111 l^ . niplo\ ( 

li. , ,1. : ul \ m •o . iioii il 1 

il.lM 1 




i;, I'l^ 5 S!i.)a> .til .ill.tn.it. ti. ^I_:n \Mti) ^ ^ 

. ..uiivti iKtioii o( till nt.l k i.;s. 

Mini!. II ( oil-li U( tl\ r ill l.iil 

slWI ( \sl-. (I'l^ (ij 

— .\n .uU.ini < il inn.K 1 iiitr.Mlu< iii.^ m . i. t iniii. .1 .nnl l.tjtp. <1 .iin,. tail- 
1IV.J, 111 I .ih .iM . \s illi (li'( 01.1 111 III l>.i>. <1 ii|) m \ t 111 I r ml 11 . 1 .uni iii< lo < 1 , u illi Wf 
Ill'll i UU lllkil l\Uh \\.l\ ( ompo-'ltloll 

The Process, -f'lil <>ut .uni pi. me up lo I lu. km 1 in follow m-j, 1 11,1 1 1 i i.tl . - • 


Ln^hsh Mi hi 


'Top 

It 

- 1 

1 

in 

X 

7 . 

ni 

oik 



1 S 


\ (III 

hoUoiil 

It 

ki 

III 

/ 

(l X 

i 111 

,, 


'• 

1 7 


\ (111, 

2 Kinlx 

ft 


111 

/ 

7 

} m, 

,, 

M S 

X 

1 s 

X 

\ (III 

Hai k 

it 

s 1 

in 

X 

X 

ik. 


1 \ S 

X 


X 

( III. 

I* roiil 


I 0 

111 

X 

1 1 i A 

>n 

,, 

2K 

X 


X 

T (III 

('lanipi 

I ft. 

0 

III 

X 

.U X 


H 


- 

v 

- 

^ (III. 

4 Kent 



m 

X 

•i ^ 

4 111 1 

o-,(:wo(/(l 

i I 


J 

< 

75 ■ '»• 


4 


in. 



Fig. 6. 





CMAf. V,) SI’KCIAL M<J1>F1-S IK \V{k)I> FOR FVT-NIKO FTril^. 


5 * 


Interior.— * * • 

2 Vortical- l)i\isi(>tis i It. jh x 6 x } in. holly x 15 * x •;!; ( in. 

2 Central „ * (jj in. x f» x | m. .. 2 ^ ^ 1 S x *;t; un. 

^ ,, Ifori.'ontal Dimsioms 7 in. x x | in iS x i^ x 75 tin. 

2 Side ,, ,, 5j m x x ] in „ 1 > 5 x 15 x '75 (in 

4 Artlus -M in. x ^ x ] in. 7 x 2 > x 75 (in. 

I Central Auh 7 in x i x | m. ,, iS \ 5 x 75 (in. 

1. IMarn* np toji, hottoin, .ind ends to h ngtii .nul widtli 

2 . Set out rnitii'd doMtail joints at (oiiurs pci « \e;(js( lollouiiiji on A 
and li. 

An Exercise in Mitred Dovetailing. 

(a) .\I.irk inilii lines as shown in 7 
(/() (l.iiige line^ across inside ol both jiieies. 



I’k;. 7 Di.igr.inis sliouing nicthotl of ■•citmg out, e'c. 

• (t) (lauge and reli.itc* laj) 

((/) Mark, out pins on A', ( iit s.mie and rinene w.iste. 

(<') Place A' on IP in position sIkjwii, and \Mth a m.irking .iwl iii.iik posi- 
tion of sO( kcls. 

(/) Cut sockets and chisel out s.inie, ( ut mitres .mil fit together. 

3. Fit carcase together, take apart .md rebate same to m (,i\e h.u k. 

4. Mark and cut the grooves in e.inase to reeeivt the intenoi duisions. 

5. Clean up inside surfaces and glue together, fit and si.rew hack in position. 

6. Clamp together the front (tongue worked on lenlre jiart, fitting into 
grooves on clamps). 

7. Glue together, level off \shen dry, and fit in opening. 

8. Fit up the interior, all pieces are housed J in. deep into top divisions. 



ilAxVDCRAl’T. 


[CHAP/V. 



Fig. 



OIUP. V.] M'K lAI. IN \\<H)n FOK FV.FNINc; Tl PIl-S. 


53 


The DecOQSltion.--NI<‘tl^*Hi of inla^^ing ihoniu In tU m iiIkhI on 

j). 146. Venters arr lor the ornanionlal iit‘\uc; ihfse sIkjuUI Ik* eiil to 

outline -intl inlaid Kk(‘I with lilt* snrf.i<e t>r the wood When dry llu*»leaM*‘» are 
in<ln ateti 01 outliiKd with \ee tool ruts, .ind MlUtlwilfi ctunjxisition (see also 
p. 14.S) : the spots are e\t «'Uted wilh a drill anil filled in ^ilh t oni}>osition Thi* 
whole IS th«'n allowid to st.md In .md is then s» i.ijH tl ami sandpa[)eri*d. I he 
insuleoftlie fall should Ik li pjx il w ilh \t Ot ei ‘ in \\id«, the groumiwoik 1 osered 
with monx I o leatlier 01 i 


■ ■ ■ 


(H CAMON'Al, I'AlUdS (I’l-s lOamhIl) 

The Rirn. I he »le\a^ion and plan shows a suitahh' tnatimiit foi this 
t\}X' of lurniture , a halt plan shows the methoil ot icnkinu th< lei^s into the inn, 
.1 general < onsltm tue h aluu* «>! 1 10 ulai and < lliptu il woik W hen hiiildint; up 
the iini, a hoard ot j* in pine >houhl tiisi he plane d u]) tiu< . and tlie tim shape* ol 
nil) set euit upon it This is elisieleel inte* |e)U! jeaits. (Hie* ot whieh Is eluphi ate*d 
in I in mahoj^ain and laHistuutes the- te-mple t I'lie teinjile l is use-d to mark 
out I w eU e |)i''( e-s or se j^im nts, te )ur l<»r e ae h la\ e i, and < ae h s( mnent e .111 then 
Ik spokeshated exae tl\ to the templet Sl/e Ne xl, one piee e- Is luted to thei 
lioard and piiineel in posiiieen. then the le mainm^ thre-e segments aie* fitte-el in 
and see ured with pins, t;lue ini; the- |omts as one- ptex e e-eh This e-oilijile-te s one 
layer, whieh is tht n plane d ti ue- and tootheel , iIkj m xt la\t-r is sjiace-d so that the 
jeiinls fall mielwax he-tween those- ol the- hotteini la\e t, tisti.dly e alled hiiekweirk 
jashion. As these- are- fitt(-el, the) are- — 

filled deiwn aiiel pressme- ajiplueU -ith 
handsere-ws. When eity this laser Is also 
planed and tootlu-d, and the thud laser 
tilte-d m tlic same- relatixe- jiosition as the 
fust (see diagram helow ) 

The Legs should fx- Jilaneel lip 
peile-elly sepiare to si/e, then marked leei 
turning A de-tad ot the- toot is shown m 
J''ig.,8, freim whieh it will h< seen that 
the uneler-framing Is see me el hs mtiexliK - 
mg a [)imu-d foot whieh ghie.s threeiigh 
the under-framing mtee the legs 

The Under- framing should In 
prejxtred in the form of an X. One pn < e- 
is mortised right through tee re-ee-ixe- twee 
short rails (see diagram, Fig 2| le-nenieel 
into same. WTen tliis is fitted and gliu-d 
together the design is traeed to the weiod, eer 
as an alternative, a pattern of one-ejuarter 






Fie,, e). Plan and elevation of rim and 
various mosaic stnngings. 


the bha|>e is cut in cardboard, the remaining three parts being marked from this. 
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HANDCRAFT. 


[CHAP.*^ 


The Top can cither be cut fro/n solid material and veneered on both 
sides or laminated, viz. five-ply material can be adopted, in which case it is 


only necessary to veneer llic top side. 



hoin^ (lie ('onnexion of straiglit laiK 
in refereiu'c to the table illustrated e 


The veneer of the circular top shown on 
p. 52 is intended to be of the curl 
varu'ty ; eight pieces are used to form 
the centre jiart. 'Thi'se should be 
‘secured betwten two thin V-shaped 
pieces of wood during the process of 
( utting, the ( urved <'dg(; is finished 
with a fiiK- file and tlu' V shape is 
jilaned 'They ni.iy tluai be si'parated 
.ind glued down to a sheet of damj) 
stre-tched p.iper, the lop is conijdeted 
by filling round the ('ur\ed cross band- 
ing, glueing e.ich segment down as 
they are fitted. 'i’he top is then 
\eneered with this built-up work and 
the paj)c‘! IS rt'iiiONcd with a toothing 
|)l.ine alier the glue has dried. Cross 
banding on edge of top is best laid 
with a hiimmer. 

Square Tables. -V^irious treat- 
ments are sho»\n in Fig. 8 for the tops 
of^ s(juaie tables, the only different 
(onstiuelne featuie of these types 
I the knee parts of li'gs. 'Fills is dealt with 
p. 55 <ind ilescribed on [) 56. 


OCCASIONAL TAIU.L (Fig. II). 

Object. — A modc-l to intioiliH'e simph' g('neral priiK'iples of table con- 
struction, the priiK'ijilcs being similar to those necessar) for hall, draught, chess, 
and writing tables, etc. 

The Joints are all mortises and tenons, the “ stubbed ” type being utilized 
* for the wide rails and connexion of under rails with the legs. In the case of 
the second exanijile, showing two rads near the ( entre of the side-rails, small 
through mortises and tenons should be u^ed, or the long rails can Ixi shouldered 
and lap dovetailed into the short ones from underneath. The latter is \ery 
effective and prevents the shoulders opening ; it has also the advantage of not 
showing the construction under ordinal y circumstances. 

The Process.— I. First saw out the wood, either mahogany or walnut, to 
the following sizes : — 






4 pie('<-‘s Ic^s 
2 long^ rails 
2 short ,, 

1 t(^p 

2 short bottom r. 
2 long 

4 tablets 


IIANIK RAKT. 

English. ^ 

2 ft. 6 in. X I j X 
I ft, lo in. X 4] X 
I ft. 2 in X 4'J X 

• 2 ft 2 j in. X i6i X 

liU I ft. 1 .J in. X ^ X 

1 It. i)\ in X * I X 

6 in X I X 


[chap, i', 

* AE/ru. 

* 

'3 7‘r5 X :r5 X 3'5 <™. 

I in. 58 X I 2’5 X 2'2 (Oil. 

I in 46-5 X 125 X 2 2 cm. 

I in. Ch) X ^25 x‘ I ■() cm. 

J in. 45 X 2 2 X 1-4 cm. 

A in. 58'5 X 2 2 x 1 -4 cm. 

; in 16 X 4-4x1 ( m. 


2. I'lanc ii[) all putcri.il on face, side, aivl face edge, then to thn knes^. 

4. (Jaiige and plane legs, top, and bottom rads and tablets to width. 

4. Scjii.ite lip top to required si/e, or < lit to shape if emved. 

5. Place the lour legs together and hands( rew same together, then square 
a( ross all required lines, vi/. total length, and top and bitlom mortise lines. 

6. Separate the hgs .ind square lines on .idjoinmg inside fates. 

7. Plat e rails together, tw'o top and two bottom mils in eat h set ,ind set off 
shouldt'f lines. 

8. Sepamte thi- pieces, and retuin shoulder lines on all wide fates, backoind 
front. 'I'hen mark mortise and tenon lint's on all piet es. 

i). (ait out the moitise and saw- the tenon lines and shttulders ; lit two long 
sides together, and when adjusted satisfactorily, t'lean up all parts and glue up. 

10. When the latter are dry lU iij all short rads, ch'an up the \arious pieces 
and glue between the long sides. It should bt' measured on the diagonals of 
[)lan and e'e\.ilion to ensure the whok* lieing properly s(|uare. 

11. (ait and glue in t.ibk'ts, then saw ttff span' wood of legs at toj) and 
bottom and plant' top side tine. Piepire po( ki'ts lor s('iewing thiough rads 
into top. 

12. Sh.ipe and inlav top if rcipnred, ck'.in up and li\ by poc'ket st-rewing 
fiom inside the i.iils. 

The Decoration. — \kuious tre.itments loi the det'oration of the tablet are 
shown. 'I'he first i onsists ol simpk' gouge tooling I he second shows a dc'sign 
for Cvirving, which would first be cut to outline .ind grounded out, then modelled 
on leivcs, stem, betries, et<\, with gouges. 'Phe third example shows inla\in!^ in 
various woods, and the last an .dtt'inate arrangement of slips ol mother of peail, 
/hiee in to[) row-, twm in the second, with a single terminal piecj. This decora- 
tion is faiily simjile, and \ery effective when used in combination with brown 
oik, American or Italian walnut. 

Four details of moualed legs are show-n. Plie introduction of either of these 
would involve more dilV.cult construction ; generally, the rads would have to lie 
set farther back from the face sides, those below being spaced exactly in the 
centre of the moulded side. 'Phe chamfered example should be stopped just 
below- the rail, as is shown in the elevations. 
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FIRST YEAR MODELS (METAL) 

IX'l^lX'HkONs 

Their Use. 1 M'd l<) pioU < I ihr kc\ hoK's ( m m dtMUs s»t th.il tin holt’s 
do not get hrokeii .iw.is h\ < oiUuiu.dl) jMitting tin ke\ into the lo(k. When 
m.uU* with ,i c'o\tr tlicy jiuvtnt dusl gelling into tlie lo* k 

The Process. -1 loin eut out ol I J or mlSWCi hi.iss .md oiiiline 
filed tv) shape with luviard and smooth Ides, 

’ Drill holes lor s( rews and ke\hole. 

3 Trim oil the hurr and file kevholt to shapt 

4. Hold the escutcheon on a llat j)io(( of woo<i h\ means ol pms rt»und 
the edges. 

f act’ up with h.isiard and smooth file^. 

() (diamitr whete lUiessar), llu n add the dei oiati\( f(.iluies. 

7 Polish, slam, or iac'pur, as r»(|mn’(i 

The Decoration, -d'he top hue on pige 5s shovvs d(< oration hy means 
of ail outline r>l jileasing toim. 

d'he holtoin line shows how < hamh nng ma) he used as a d(’(oralive 
feature, *idditional to the riuiline. 

The tt)p liiH^ on page 5(1 is when; simple lilies, dots, and cuived ( hist 1 marks 
are utili/ed as detoialiNe motiN. 

Tile hoiltuii line oil till same page gi\i s a more difli' ult t xauipf - ol pien mg 
with fret VI w ; the second one shows .i -imple lorm ajiplietl an<l li\ed hy small 
rivets , this form is also shown on page 0; , the thud one is a (U)veied < st ut( heon. 
A pattern would he made of this (ovepand a lasting ohtam. d, then liled iiji <md 
riveted together, so that the w<‘ight of tin ( iner would allow it to drop into its 
correct position after the key was removed from the lo« k. 

With regard to setting out the kevhole, a line should he drawn down the 
centre of the escutcheon, and the centre dots for marking the holes to he drilled 
should be placed on this line, d'his keyhole could also he punched out, or < ui 
out with a fret saw (see pige cji for fret saw and method of using it). 

The decorative screw heads with one exception .are ordinary screws filed to 
the shapes suggested, d'he last onc’ with the row of pearling nmnd the- edge would 
be cast and the pearls chased up hy hand 

( 57 ) 




Fig. I. — Examples of simple escutcheons. 













CKAP. vr.] 


FtKST YKAR MOOKL^: MKTAL, 


r.i 

Spcci&l FejltureS. — Altiuuif^h the In l.iki-u as an <'\.uupl(' o( 

1h)\v it In pONNiblc to add dilTnaiU) and a ni w tool tijx^iaHon in MaifNsivi' sUpN 
to a sim[)]c form, tlio^c arc main otiu'r objoclN wlndi tan be taaled in^a similar 
manner. 


MKl'AL MODKI.S: TOOI.S, K It (hu A). 

Object and Uses, AtoIleUmn ol tasy mndels NUi(al)lt' a^ eunisc^ in 
forging. 'I'luir various n.inus i onvey th< ir iim s 

No. 1. Tommy or Lever. • ' 

'I'his should be made fioiti Nteel and not i ut oil until it has been tliawn down, 
m lound tool steel about 2 It 6 m. long, suil.ibh loi h<il(hng without llu* Us<‘ 
ol longs, is a ( oiuenient si/e. Should be left lioin llu‘ h iiniiu 1 .uul not tiled up. 

No 2 . Screwdriver. Ma»l<“ in the sime wa\ .is No 1 , hut toi sprt .uhng the 
wide pait, a fuller, pKu ed lengthwise down tlu rod, should 1 k' ii^( d in squaie 
tool steel winild b(‘ suitable l)i.iw the loiind portion down lust, thin lulli i out 
to width, ( ul oil, and diaw down taiij, '^h.iix with h.uiiim i .is iiuu h .is possible, 
turn up with b.ist.ird iind smooth liK s, linish oil on 1 iih i\ hob, tin 11 h.iid' 11 .uul 
temper point to a d.iik brown 

No. 3 Holdfast. 1 Ills Is .1 loigiiu; e\i i< is( , ,md .1 file should not hi used 
on It. 

Have a suil.ible pieu of f m v J iif non, he.it to .1 welding he.it .md 
shghllv up-set llu i lul, llu ti jil.u 1, « lul on .iiu il .uul ll.Ulen. ^h.ipi up with a set 
hamiiu r and work up pioji i ( ing pu (ihis is tlu dillu ult p.ut) . di.iw .iway .uul 
roughly point, and puiu h the hole whih hot. ('ul oil, .md Imish, di.iwing down 
the point. II prelei n d the pioi essi s i ould be revi im d, lh.it is, the point diaw 11 
out first. 

No 4 Tap Wrench. — ' oiding to llu' si/e ol llu holt s iei|Uii' d, so t hoose 

llie lion 1 )iaw down and round up one end, n pe it loi other < nil, llu n i ill oil 
to ItMiglh ; round Uj'i i nds and puiu h the hobs, dnving a ii.u.ilK I drill (liioiigh to 
finish. Should not be loiu hed with .1 Ilk . 

No, 5 Cabin Hook. — I'se m. sijU.uo iron. Dr.iw down .mil lound the 
end, biMid up the L) e as show n on [).igi (>7, log 7 , to tlu si/t r«(|uiri<l (ait o'l 
the length requiretl, dr.iw down .md round • ml lor hook )»i ml up llu hook and 
cool out. Heat m cenln- ami twist .is shown nii ji.ige 71 

No 6. Staple. -C ul olf to i orn i t k i^gth, tlu n diaw down tlu- ends .uul he-nd 
to shape, d’o make this a iillle nioi« ditlu nil, wi-ld two pin i s together .md sec that 
the weld comes m the middle of tlu- b* nd, llu n dr.iw out the ends .md bend to 
shape while cold. 

No. 7. Centre Punch. rius should be made Itom iu. Sfjuare tool steel 
and drawn down to shape and eul oil to the length required. 1 rim up with 
bastard and smooth files, harden and temper point to a dark brown 1 his should 
not be put in the lathe to nuke the end circular, it should be done by hand. 
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The preceding models involve sA\ the elementary forging exercises, and give 
good pra(’tire iti the use of a h.unmcr ; the file should be used as little as jKissible. 

The illustrations in Fig. 4 sliow tlie correct position h) take when perlorm- 
ing various opcMtions. 'I'he position of the feel for inst.iiHC in (i), (2), (3) being 
most important, for uM(‘ss the operator is standing corratly the work cannot be 
(lone efficiently. 

(1) Illustrates a piece of square irrjii being held in tlie tongs while the end 
is being upset or thiilcened. 'I'his operation lre(|uently occurs in working iron, and 
it should be noticed that the tongs fit and grip the work so that it cannot slip. 
The sirne [josilion applies when holding a bar of iron. 

(2) 'I’his shows th(.‘ [losition to be taken when bending iron. The fork fits 
into tile s(|uare hole in the anvil and the operator is holding a scroll in the left 
hand and a sr roll wrench in his right hand. By this means plenty of [lower is 
obtained, and a l.irge amount of curved work can be done cold. 

(3) 'I’his illustiation shows the method of standing, and using a toj) and 
bottom swage and a sledge hammer. 'I’he operation being performed is “lound* 
ing up ii tenon on a pie('e of j in. s(|uare iron ”. It should be noli< ( d that iu using 
all kind of lo[) tools, hot setts, etc., the top tool should be at right angles to the 
work. 

(4) Shows the ('orrect method of holding a hammer and chisel when chop* 
ping out. 'I'he usual fault in the use of a hammer is that it is not lifted up high 
enough to do its proper work. 'The reprodutlion shows the natural position 
assumed when the hammer is used b) a skilled craftsman. 

MinWL MOUN'l’lNCiS* I-OR A CIIl'.S'l'. 

.\n(.i.k and (A)RNKk I’l xris 

Object and Uses.—Used foi the strengthening of ( bests and also lorm 
an ornamental featuie. Introdueing development of surfaces. 

The Joints. AN’hen the corner plates are b(‘nl U[) they form what is known 
as a “ close joint ”. 

The Process. - As a number of plates would be necessary to furnish a 
I'hest a template would be lequired. 'I'his could be made from some thin sheet 
metal, and should be arianged so that the bending lines lould be scribed through. 

1. 'I’hese should be made from 16 or 14 I.S.W.lb metal. Lay the templet 
on and hold with a hand vice and mark round it with a scriber. 

2. Cut out to shape, either chisel or saw pierce. 

3. Bunch 01 drill holes for screws and [)unch or engrave ornament. 

4. Anneal so that material is soft, and dress up, 

5. Bend up to shajxi and test with a set S()uare. 

6. Polish and lacciuer if necessary. 

The Decoration is cither by punched holes, raised ornaments cf simple 
form, piercing, and engraved lines which can be done with a chisel, a graver, or 
a tracer. 




hiG. 5. — Suggest. ons lor straps, angle plates, or corner p!ate‘> a’so dcvelo 
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Special Features. A \rry smipK- mudd givc> good [)ra('tirc m 

bimplc setting out .ind ilevdopnienl of surfaces. If only one was l)e*ing made, 
a templet, would not he ne«ess.iry, hut the whole thing < oul(,l l)e set right out on 
to the metal. This model admits of man> variation', 

A .SCIIIsMh Oh WORK. MI/fAI. A 1 ‘ 1 ’ 1 .I AN( RS. 

Object and Uses. A (oursi* ol'*gr.i<liiat(‘d models; introcUumg many 
[)io< esses and ariaiiged in oid( r of diflieulty 

The Joints, -d'he methods of Joining metals nnolved in tin various models 
are as lollows Nos. ^ and j nveti d joints ; No M plain ia[) and soll-soldered 
joints, No. I o l)i.i/ed lap joint , No ii It non<-d add riveted, hah ed and riveted 
joints; No, 12 hutt and t lippetl joint. 

The Processes. No 1. Grinding Gauge. Is used tor tt simg tlu 

angles ot tools, 110 and Oo' for thills, t)o fttr t hisels and tenlre puiielies, yo' 
iind 80 ' for till ning tools. 

It should he made as follows : Tse Nt> 1.’ 1 S W.( i non; 111 n k out with a 
brass seiihei, t ut out with a t hisel, leaving the lines jiisi showing, Ide down to tlie 
lines, Using bastard lilt s. Test with tr) square, prtttiai tt)i, and Invel, or with a 
U'vel piotiaetoi. I'at t‘ up on both sides with bastard and smt»oth files (‘entie 
puneh aiuT dull hole, tine finish fact: and edgt s with eim i\ (loth held or glued 
on ti Hal pit'ce o( wood Lav gaugt' on .1 [lohslusl non sin late anti punt h tiguris 
to iiulitate si/e ol angle with figure pum ht,s. 

No. 2 \ Diamond-pointed Drill. -Diaw out, t ut oil it) K ngth, tile up to 

shape, harden anti lemp r to a d.nk browy ; gi iml t iilting edges up on grind- 
stone 

No. ’v Outside Calipers. - 

1 M.ike a thaw mg ot the t .ih[K is to the si/e letiuiied 

2 .Make a ti.uing of one leg and tiaiislcr to a piet e of thin metal for a 
templet by me.ins ot t aibon paper, or chalking the bat k t)l the tiacing, la} mg on 
the metal, .mil going ovei the hius with a bone point. 

(it) oviT the lines on the met.il wuli .1 si iibei 

I (entie plinth the centre ot joint .mil desiiibelhe i iicle with coiujiasses, 
then lilt out the templet, woiking to the di.ivvmg as .minatelv .is jiossible. 

5. M.irk out with .1 bi.iss stiibei on No. 12 I S.W .( i iron iht* I w o legs, 
using the lemplt l just inadi'. 

(). Cut out with .1 chisel, K.iving the line in. 

7. Dull .1 sill, ill lu)le in the lentre of e.n h joint of the legs .md slip them 
on a pin. 

8. Idle U[) both legs while the} aie together on the pm, 

9. Id.Uten the legs and face them up both sides with b.istard and smooth 

files. 

10. It light sized washers cannot be obtained make them tioin tlie same 
material as that used for the legs. 




Fig. 6. — A suggested course of model: 
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Fig. No. 3 {contitiu(d). ^ 

11. Cut off a [uoce of- J in, round iron for thr* rivet, square the ends and 
anneal it. 

12. Drill the holes in the legs, and the uashers to fit the rivet, and counter- 
sink the holes on the sides that will be outwards. 

13. I’ul rivet in position and burr over with a light hammer completely 

filling the countersinking, • 

1 4. I' ace off the outside of rivets and fmi‘ fmisli the calipers with emery ( loth. 
No. 4. Picture Suspender.- 'I'he ba( k should be made from 16 l.S W.O. 

and the rose from iS’or 20 I S.W.tb metal. 'Die fluting of the rose could be 
left out if ne( Lssary. . 

1. Make t(‘mj)lels for back and rose. 

2. Maik out the back, using temjilet. 

3. ('ut out and file up to sha[)e. 

4. Maik lose out on met<d, pku on the pile h, and work it up from the 
back and front with pum hes. 

5. Cut rose out and drill holes in back and rose*, and anneal the rivet. 

C). Polish, stain, and lac (|uer .is r( c|uired, im hiding the rivet. 

7. Rivet together by pl.ic mg rivet in a hollow tool whic h is held m the vie c. 

log. 7 , No i. Cold Hand Chisel . — .Should l)e m.ide from hexagonal tool 

steel. 

1. 'lake a ronveni nt length of steel .ind draw out the point. 

2. (hit off to Ic'iigth. 

3. 'Trim up the end, .uid tile c utting edge to c'orrect angle, using the gnnd- 
ing gauge. 

.p 1 l.irdeii .ind tempc-i c ullmg c-nd to .i d.nk blown. 

5. Ihnish off on eiiit ry bob 

No. 2. Finger Plate. Could be m.ide fiom 12, 14, or 16 I .S \V.(;. m.iteii.d. 

1. (hit oh the m.iteiial to the c oiiec t si/e 

2. I'.ngrave the line-, I. ice up, then go over line again 

3. Set out the oinanunt.d top, raise' it on a le.id block, cut it out, drill the 
holes. 

4. Iht ornamental top to the jilate mark off the holes and diill the plate, 
slightly countersinking the holes at the back, drill fixing holes. 

5. Polish, colour, or lacejuer as recpiired. 

6. Put top on to plate , put rivets in, one at a time, holding rivets in cup tool 
and lightly burring over at the back. 

No. 3. Steel Scriber. — Should be made from j in. square tool steel. 

1. Cut ort material and draw down both ends as shown in Fig. 2 . 

2. Cut ofT to correct length. Hend one caid at right angles (Fig. 3 ). 

3. Make e>e, I'lgs. 4 .ind 5 . 

4. Ihvist centre as shown in Fig 2 , p. 74. 
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5. Clean up, liaiden and 14:111 ptT«|)oint to a dark brown, jf for uso on soft 
metals to a li^ht brown. 

Fig 8, No. I. A Rectangular Box. No. 22, 2g 26, 28 I.s.w.d. sheet 
metal should be used for this. 

1. Set out the development of the body and the lid on the metal. 

2. Cut lh( m out clean with the she.irs. 

3. bend u[) to shape, using a folding ma( hme, bending damps, or a hatchet 
stake. 

• .p 'I’a( k the liDWom p.iit in .1 few pla(,es\\ith so'der .ind soldeimg iron, 
examine it for s(|u.iteness, etc., tin n solder tlu- seam,s luatly together. 

5. See the lid fits true, then solder the seams neatly. 

(). W.ish well in jiotash ,ind hot water and diy out m sawdu'-t. 

7. Polish if lefjuired. 

No. 2. A Pin Cutter. --Si/e of m.ilc-rial to be Used dejiends on the si/e of 
the ('Utter; the one illustrated 1 ould b(‘ made from ^ in. s'piare tool steel 

I Sjitead end for ( Utter with to[) luller. 

2. Round tlu' shank and ('Ut oft to kaigth. 

1 )raw down the tapt. 1 s((uan‘ 

4 Idle the cutting end to the coirec't shajie. 

p llaideii <uul 1 ( nipei the ('Uttmg end to a d.iik brown. 

0. Fmisli ( utling end on grindVone .md gloss up on emery bob. 

Fig. P.No 1 A Corner Clamp. No. 18 1 S.W.C. metal would be suitable 
for this 

1. Si't out development on metal. 

2. PuiK'h the holes. 

p Cait out to slia[)(‘. 

bend to ('orus't angle>, and si'e the coini'i's wheie they oveilaj) lie dose 
together. 

5 br.i2e the coiner and dean oil with a file. 

6. Finish as recpiired. 

No. 2. An Iron Grille. — Used for {iiotectmg windows. 

1. Make a diawing to the si/e reijuired. 

2. (dit off all the material a little longer than is actually reijuired. 

p Make the frame by setting out all the nece-.sary holes and drilling them. 

.p Make the tenons on the various bars by sawing down and filing, and fit 
them tightly to the holes, seeing that the shoulders come ups([uaie. C'heck sizes. 

5. 'Pwist the centre bars. Note, two right handed and one left handed. 

(). Mark olT and make the halved joints, see the\ lit together neatly. 

7. Drill the holes in the halved joints for the rivets, anneal them, and rivet 
all centre part togethei. 

8. Put on the Irame, riveting eorneis up first. 

9. Rivet up other tenons, and trim off excess metal. 




Fig. b. — A suggested cour?« of modcJs. 
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//if. N(K 2 {continued). ^ 

10. (.uat with boiled oil wfiich should be applied l)oiling liot. 

I I. Paint the colour de'.ired. 

No. 3, A Ring Drop Handle. 

1. Make a drawing to the recjuired sha()e and si/e. 

2. Make templet of back-plate. 

3. For the handle shown J in. round for the ring and No. 14 I S.W.G. for 
the ba(k-plate would b(“ suitable. 

4. Raise rc‘ntr(‘ of back -plate, punch slot hole for the clip, then cut out to 
idia[x.‘, maiking this o^f the templet 

5 bend up ring, file the pin, and make tluj cirp as illustrated on {), 74 

6. kit cli[) and ring to slot-hole, and sec that it hangs square and at an 
e(jual distance from the ba('k-plate 

7. Drill screw holes, in bai'k-plate and smooth it up if lua'essary. 

8. ( ihamfer ba( k-plate. 

q. Polish, colour, and lac<]Uer ba( k-plati* and ring. 

10. Put togi'tlur, .uid lightly bend over the clip. 



ODnsTk^ucTiorx 
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SECOND YEAR MODELS (METAL) 

Drawer Handles. I'ik 1- 'l’ln‘''i‘ arc most Siiital)lc if made in non and 

finished armour hri^ht* 

The Process. The l>a<k plate slioiild now he made fust from i \ or i 6 
I.S.W^Cl. metal, and the tea (angiil.ir hole punched for the ic(c[)iion of the (dip 
'I’he rin^ made next hy the methods illustrated in 1 ‘ig. 2 

'I'he ring should now be ( ut and sprung togt'thcr, and the pin filed ready for 
the (dij) 

The handli' ('ould now be laid on the ba(T plate and the holes for screws 
marked and diilled. 

The clip should now be made from 16 or iS I S W (i. metal, as illustrated 
in Idg. 2 , and bent round the pm. 

The handle and baik-platc should now be polished and ku (piered, then j)ut 
together and the clip (ditudted. 

iVo/d . — 'The st rews should come' underneath the handle when it is hanging 
down, but of ('ourse the position of sctlwv holes is fretpiently go\erned by the 
plate where' the handle is to be fixed 

The Decoration. — 'I'hcie is practically no limit to the mt'lhods that could 
be adojitcd lor tlie det'oiation of the handle and plate, but tlu di'sigus shown are 
easily exccutc'd and aie very elfet'tive, though they are obtained by the use of 
(jilite elementary tools. 'I'lu' back-plate could be, if preft'rred, marked all o\er 
with a hammer or punch, so obt. lining a kind of texture. 

Special Features.— 'I'hese are the bending and twisting of metals, either 
in the hot or cold stale, and a small amount ol fitting 

IKON GRII.I.KS (Fig. d). 

Uses. — protecting small windows. 'I'hese provide excellent pra< tice 
in bending and riveting. 

Joints. — Halved, tenoned, and riveted. 

The Processes consist of making a full-si/e drawing on stiong p.iper, for 
the work to be laid on while working it into shape ; the frame must be made first 
of all in the manner illustiated in Fig 3, but not riveted together, d'he interior 
work is then bent to sha[ie ; this can be done cold, leaving the ends an inch longer 
than necessary. The corners should be healed to bend them, and the cross-overs 
filed to fit neatly together. 'I'he frame should now be put together temporarily, 
and the interior work l;iid on the frame, and the tenons marked. Fhe tenons 



CHKP. VII.] 


sKrpNii vKAR mktai. 


/3 



Fki. 1. — Sugj^ebtions for handles and their development. 
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should now he made, the whoje thing put together, and the corners of the frame 
riveted togelluT, tlien the other [>arts riveted to the frame. 'I’he grille could now 
he painted. l ig. 2 on plate facing page 63 shows the nuHhod for bending iron, 
cold or hot. 

The Decoration. — 'I’his consists of straight lines, ( urved lines, geometrical 
designs, etc., according to the skill of the craftsman who is going to make it. 



Also twisting the metal, using metal of different thicknesses and sections, all adds 
to the variety. 

Special Features of these grilles are the bending and fitting. It is also 
good practice for simple designing and drawing of easy forms. For one method 
of bending see Fig. 2 on plate facing page 63. 






Fx}. 3, — Suggcsiions lor gnllts. 
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FlXCiKR 1 ‘LA'l.KS (Fij^ 4 ]. 

Object and Use. - I’uv^tr J)latcs .tu* u^cd lur fixing 1)11 doois Ml ili.ii the 
paint is not disfigured by handling, .iKo to form de<orati\e feature^ , 

The Process. 'I'liese should be made from iS or i6 iS.W’.d metal, 
leaving | in. of metal I'xtra all round 

I 'I'he de^lgn shoulil be di.iwn on the metal 

2. Raise with punches on a lead block, or .i sh.ipetl hammei. Thev ( ould 
also be stuck on a bloi k of pilch and i.u^'ed with chasing puntht s, working liom 
the back and dressing down on the fiont 

^ Put line in by trac mg, or with a c hisc'l, .ind wlu-ie rc.piired hammci ’ 
mark either with llu- b.ill p.uie ot a hammer or a punch. 

4. (Jut out the; plate to the sh.qx' diawn b) means of a liet saw 01 with 
various shapcal chisels. 

5. 'I'lim up the* edges with a file' .ind nn c 1) ll.ittc n 

6. Drill the holes lor fixmg. Know llu* si/c‘ ol the sc nnv bc loie diillmg 
the hole 

.7. Polish and lac cjUer, or bron/e il lecjuirc-d 

The Decoration is obtained by \ei\ ^lmplc; mc'ans, name ly, sh.iped outline', 
raised suilaies of simple loriiis, .md engi.oed or chiselled linc‘s. 

Finger Plates based on histom.il st\lts and suitable lot" mote .id* 
v.inced studeiils (log. 5 , cnculeal) 

The Processes arc- all similar loi lhe*'l’udor, (Ic rman, (a lln , .ind modem 
examples — 

1 The dc;sign is first drawn o « to the: iiu i.il and si rilHcl in. 

2 Pile metal is slue k on the- [)itc h bloc k 

3 The ornament is raised fiom the ba< k, the pl.ite remo\ed Irom the- pitc h, 
cde.inc-d, and stuck on the- pitch .igai n, lace uppc-rniost. 

4. 'Phe moclellmg is now diessc;d down from tin- lronl,<aie being t.iken 
not to Use- sharp tools or io lease- rough tool maiks 

5. 'I'hc- [date- shoiilcl now be nn el) ll.ittened, c.ul out tej the* c c>rrc-c.l size 
and shaj)c-, and the- hole> drillccl 

6. I'lnal dressing uj) and ll.ittc nmg. 

7. Clean up, polish, colour, and laesjuc r 

Phe 'Pudor plate should be: m idc- from X<). 22 I S W' C 

I'he Cerman j)litc*'. should be mide from No 18 or 16 1 S W'.tJ. 

The modc-rn |)lalc- from N'o. 18, 20, c)r 22 I .'s 
'Phe (a ltic plate- from No 22 1 .S.W.tk 
'Phe Oriental plate: Irom No. 14 or ib i S.W (1 
'Phe Eli/ibeth.m pl.ite bom No. 14 or 12 I S.\\'.(j. 

'Phe Oriental and PJi/abethan plates arc cut out with a chisel and then 
filed up After h.iving been filed uj) the Elizabethan plate should have the face 
and chamfers finished by hammering, but do not put a number of honeycomb 
marks like i)its in it, as this spoils the effect. Examine the effect as shown in 
Fig 9 , No I, (Jh. XU ; this is obtained by judicious hammering. 
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TURNKl) WTiRK. 

Object and Useg. — In Eig. t> tluMo are drawn a mimlier of oUjet ts ^iiilahle 
for elementary exercises in turning and allied operations, riiey cninpiisea Main 
or Master Chuck, for fitting to the nose-piece of a lathe hea(Dto( k , an Aux- 
iliary Chuck, for screwing on to the master ( hu< k I'here are usually a mimhei 
of these small chucks, which are all filted'tothe master chiuk, r(.ad\ to hi' lilted 
to any job that comt's aloug. 'I'he next drawing shows a Loose Centre, whn h 
is fitted into the sliding barrel of the tailstoi k, or in a i .irru'i i hiiek ; this sluiuld 
be made of steel, .hardeneil and tempered. 'I'he next diawidg is of a Drilling 
Plug which is also fitted to fhe tailstoi k. 'I'his is used lor holding < iieulai 
objects while they are being worked on or dulled, aiul it is an evu llenl modi l, 
introducing Ui[)(t turning, taper fitting, sawing, and aiaairale lihng 'flu* nrxt 
is a Hammer Head, which is a more' ditfii ull exeri isi-, and iiuoKes turning by 
hand as well as with the a'd of a slide rist, dil’ticult drilling, filing, and hatdi ning 
and tempering. 'I'he next is a Balanced Handle or Swape. 'I'his uuolves 
turning as above, drilling and t.ipping a stopped hole, s<rewmg aiul littin’, 
and maLng a trui sfju.ire ho'e. 

'I'liere are also the patterns to be made, and these should he ol hoxwood 
'This IS more simiile tinning ,ind jiatti rnmakmg, hut tlie < asiesi jMltem to turn 
is the auxiliary i hiu k. 

The Joints, --'fhe two proji i tmg lugs •»!) the wood jiatn rn of the m iMer 
chuck are simple dowelled loints; all the ihueksari* si owed joints, and the loose 
centre and the drilling plug are taper <'|tmg or friction joints. 

The Processes for the mam or mastei chin k • — ■ 

1. 'I'urn the pattern fiom a jiii'i e ol hardwood, turn and lit the studs, .ind 
glue them m. 

2. ( asl the lIuk ks 111 biass oi gunmt tal 

3 I’ll kle It to loosen the sand, 

4. 'rurn It out to si/e for the lemale thiead, fail* it, si rew it, and i ul away 
the first thread as showm liy dotted line I’ake care th.it it lits the nose-piei'e of 
lathe without any shake, and that it does not wobble when bi ing screwed on. 

5. hit the chuck on to the headstoi k of latlie, turn the nose-pie< e, lai e it, 
and screw it with outride comb chaser -~('h wi, I'lg. 18 (13) --to the si/e that 
is convenient for the auxiliary chucks. 

The two studs are east on, .so that they c an be tapped lightly with .1 hammer 
to tighten the chuck on to the spindle, and also to loosen it If the stud farthest 
from the headstock is not wanted it could be sawn off. 

Auxiliary Chuck. — I. 'Yum pattern m wood 

2. Obtain casting. 

3. Hold in a chink, bore cait, and screw to fit without any shake on to 
nose*[)ie('e of master chuck. A number of these should be fitted and then left 
SO that they could be fitted to any work that comes along 
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Fig. 6, — Top row — Pattern, casting, and finished casting of master chuck. 

Second row' — Aux. chuck-steel centre, vee block centre, hammer head. 

Bottom row — Small handle and cross bar for a balanced handle, plan of hammer head. 
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A Loose Centre. — I. Cut off a pio<.v of sle<*i i in. louj^iT than tlic 
finished lenglli. 

2. Anneal, squire theen(^^, centre them 

3. Drill J in. or in. holes J in. deep in both ends. 

4. Countersink IkUh end^, angle of countersink to l>o the s,\nie as that of 
the centres l)eing used. 

5. Fix a latht' dog on one end, aiu^ ^eK•w a <\irtu‘i < lun k on the nose-piece 

of lathe headsUn k and hold it l)et\\een the centre, sei ing lh.it il runs freely \Mlh- 
out .shake ; oil centre and lighten up holts and set screws on l.ithe so that the 
work cannot jumj) out while In'ing turned. • 

6 . 'I’urn to correct si/e*.md shape, using the slide rest, and note tliat the 
cutting edge of tool is at the centre of the woik 

Vee Block or Drilling Plug -1 t'ul off .1 pie« e of s in. iron 
1 in. longer than the length of the plug 'I'his could D- tuned lioni the stju.ne 
stock, or the t.iper end ( ould l>e hrought to a W( Iding he.it .ind sw.igcd down. 

2. Anneal it, stpiare tlie ends, ci'uire them 

3. Drill J in. or in. holes in. dc-cp in both ends. 

4. (.Countersink both ends, angle of ('ountiTsink to he the saitu* as th.it of 
the centres lx!ing used. 

5. Fix a lathe dog on one end, and run hetween the lithe lentp’s so that 
it turns freely but does not shake. 

6. 'Turn accurately to shajH*, taking a li^'ht ( Ut only over the corncis of the 
S(]uare. 

7. Cut out vee jiieee with a h.*' I saw. 

(S I'lle up acuualely, and see th.it the centre of tlie .ingle is in the ( entre 
of the plug. 

(). Finish off with a pieci ol line eiiieiy (loth w'r.ipp( d oik e round a ll.it 
file, taking (..ire not to rock the file. 

Hammer Head. — (hit a templet out of thm met.d to ex.ict shape 
of hammer head. I’roceed as instructed in Nos. 2, 3, 4, 5 of a loose < intre. 

6. Turn to ex^ict size and shape, using hand tools lor the cuived jiortioiis. 
For metlujd of holding hand tools when turning iron or ste< 1 , see log. 8, p. 83. 

7. File the two flat surfaces as shown on pi.in. 

8. Mark centres on both sides of hammer head for two in hole-,. 

9. ('hip a small level surface on sides of centre marks so th.it drill can start 
without running ofT. 

10. Drill in. or in. holes right through by drilling from each side 
alternately. 

11. Drill the in holes, [ilugging the first hole drilU^d with a piece of iron 
or brass before commencing to drill the second hole. 

12. Clip and file out the oval hole to the correct size, tapering it slightly 
from each side. 
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i.V I'inish off hciminer headwjili smooth files and emery cloth. 

14. iking hammer head slowly to a red heat and quench out in oil or 
paraffin. , 

15. J^'it the end of a piece of iron about 2 ft. long to the hole for the shaft 
which is called the eye and polish up the hammer head ready for tem[)ering. 

16. Heat the end of the piece o( iron which has been fitted to the eye in 
the h.immer head to a while heat and place (juickly in the hole, k(xp reversing 
the luimmer head, this ilraw’s the temiK'r of the icntre jioition, and as the face 
or [)anc arc tempered to the cornet hardness (iuen< h out in oil. 

17. I' it with a hickoiy or ash sh.ift .md a w roiight-iron wedge. 

Balanced Handle or Swape. 1. (*ut ofi’a piece of 1^ m. lound iron 

I in. longer than the fmishial length, also a piece for the handle propci. 

2 Amual them, sipiare the* ends, e'< ntre them. 

3. Hull the; hol(‘s and c ounicrsmk them as clesc rihecl m previous 
])aiagiaphs. 

4. Hold them iis previously desc ribed .incl turn to the conec't si/e>. 

5. Drill a ^ m. hole; m c'cntre of cross bar, file it squire with a s([uare file, 

6 Drive a in. parallc 1 drift through. 

7. Dull and l.qi the smaller end of c ross bar, but the hole must not go 
right thioitgh. 

8. Screw' with the adjustable stocks and dies the sm.ill handle and fit into 
cross bar. 

(). f inish off with fine emery c loth and oil. 

Notes on Turning. -As all these objects involve' various kinds of turning 
and in different materials, the methods of holding llu' tinning tools shown in 
logs. 7 and 8 will no doubt be useful, and the v^ry diffen nt inethocb of holding 
the turning tool when turning iron or stcx'l, and when turning brass or similar 
nu'tals, should hi' noticxd. When turning iron or stec'l, owing to its tenacity 
and the danger of the tool“iunning in,” it is necessary that the tool should 
be held with the utmost solidity; henc'e a l.irge handle, giving a good firm 
grip, which enables the user to govern the pressure on the work being turned, is 
necessary. 'The illustration (big 8) shows the turning down of a mandrel with 
a graver. A gravei is a pu'c'e of square steel ground off diagonally at about 
an angle of 35' to 40’, hardened and tempered to a straw colour for turning 
iion and steel. It will be noticed that the tool rest is as c lo'.e as possible 
to the work, in older to {irovide the fulcrum for the opposite corners of the 
graver. 

When turning hi ass (see big. 7 , p. 83) the rest should be placed so 
that the turning tool has tree play, thus enabling the turner to feel the cut, 
and also sufficient spac:e for working around the curves, shoulders, etc. Ch. 
XVII, Mg. 22 , Nos. 14, 15, 16, 17, illustiate the shapes of tools lor turning 
brass and similar metals. Another point when turning is that the rest should 
be arranged so that the cutting edge of the tool will be at the centre line 
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A mixture 
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THIRD YFAR MODELS (METAL) 

IIAMMI.Kl.l) liMIl's (IK I'ATl.K K AND IIOU'I.S (I'l-. I). 

TTifsh Muxk'ls < in Ix' U''i (I for .i ly ol puiposi tin* Il.it (lights foi t.ird 
tr.i)s, standiiii^ ^ <»n, < t« . , tin- simple howls il tiiimd or silvered inside 

niaki' nu e su^ar howK, <, t(' I hev « oiild In- made ot hr.iss, pildin^ metal, i oppi r, 
aliimiinum, (ierman siUi i, oi sdvei 

The Joints. -In tin pl.im hammend |>l.it< s and howls ther<‘ aie not any 
joints, as the) ate woiked up Irom lli< Hal ni.iteii.d, hut those wiili a loot have 
the joints siUcr solden d, or l'i\( d witii \eiy small !i\ets 

The Method of Procedure lor makm- the disliLS or plates (l :i; 1, Nos. . 

I. 2 ) 

I . Make a tull-si/i d dtaw in-. ♦ 

’ (Tit .1 meld it mplel to e\a< t shape of i.iisuii;, depth, and width of 
run 

5 Cut the UK t.d out, allowing .ihoiil | in oMrall e\lia lor I'l^. 1, Nos. 

h 2. p p 

4. (Tit out a ])iei e of wood like that^hown in ITp. 2 .ind h\ to the Ix'iuh 

5. l'\-; 1 , No> 1, j, would h(* i. list'd or h.immere<l up with .1 double h.dl- 
ended hammer on the wohd, as shown in IT- 2 
T’he nails shown .ict as ^uidt s so lh.it if the t'd-e is 
rut line, the hammen d part must he raised trik- 
and circular, as you dri\e tiw m< t.d down ag.iinsl 
the edge of the piec e ol wood a little at a time, 

6. After taking one or two coursi s round tlie 
dish you fiatti n it with a m.illct on a Hat suif-n e 
of wood or mital, .ind ,innt al it. 

7. Rtpi'at o])i ration No 5 until the plat* is 
of the icquiri d depth 

- , , , , , Iki. / K.usiiid a (list) oil 

8. Now jil.inish It smooth and liui on a a woml mould. 

round slake with a flat-facid planishing hammer, 

Ch. XVI, f 21 (<S). 

9. T he rim is now made Hat and the edge trued up, and the plate annealed 
again. 



(« 5 ) 



86 


HANrK:KAIT. 


[CHAT. Vlll. 


10. Make up a hi-d of pitch, ct)nsistinj4 of a thick wood iia^e about 2 or 
3 ill. larj^cT all round than tlu- plate, and mix some « ommon plasti r of Tans and 
t.dlow w^h the pilch. 'I'lu* plastcT is to harden and toughen, the tallow is to 
make it How and soften it. La) on the bc)arcl a bed of this .iboiit 2 in. thic k. 
Wail until it sets, then prepare some more pitch, pniit some on the jiiteh block, 
grease the jilatc*, pour some jutc h on it, then put it on the bloc k and weight it 
down, so that the* warm pile h is p^es^ec^c)ul from undtinealh the plate , this pre- 
vents the form.ition of air bubbles unde rneath the* metal 

11. (Jlean the pl.ite,* on the* pitch when c*old, .mcl maik cent the design. 

12 N'c)W' trac e* in the dc*^ign with the tracei'. (( "n \\i, t 21, \c)> 10 and 
I 1) and the* hammei ((ih \\ 1, f. 21 , No c)), Imlding the m in the* manner show n in 

Lig. 8. I'l.itc* No. I, i‘ig 1 , would only 
be* woikccl cm back, hut plates No*' 2, 3, 
4, hig. 1, wcuilcl ha\e lo be wotke cl up on 
both siclc's 

13 Altc'r the embossing of plate* No 
2 , big 1, the* C clgc* would be* tilled up and 
wiie*cl .IS shown at the* bottom of the page, 
but Nos. 1 and 4, Idg. 1 , would, when the* 
centre pait was finished, ha\e the eclge-s 
wired and the* designs on the iiiiis e*m- 
bossecl l.ist 

1 I 'These* wcailcl now he c leaiic d up 
.incl,pc)hshe d .mcl l.u i|ucie cl il re*(juiieel 

Fig. I, No. 3. -- I. d'his would be* I. used up b) heating it into .1 hollow, 
e ai\eel out of .1 solid ple'c e of wood, usu.dly .1 jm-c e* of .1 tiec* tiiink, with a 
b.dl-he.uli*d hamnu 1, then smoothed tip .incl pl.mishc*cl on .1 lound st.ikc* 

2. Now pl.iee It, bottom upw.uds, on the* pitch, clean it, dt.iw the design, 
.mcl line if in, .is clc*sc rib(*d lot pl.ite's Nos. 1, 2, I'lg 1 

3. 'I'.ikc* it off the pilc'h, cb.m it, .mel heel It m the* pilch .igam, the* hollow 
side miwMiels 

4. Work It up to sh.ipc* and finish it oft. 

5 T'l.itten It, eul c)ut the I'dge and smooth it up with .1 h.ili-iound smooth 
file 

6. Cde'an it up .md polish, l.iecpier it if de siie cl 

Fig. I, No. 4 -'Dlls would be m.iele in a dilleie nt w.i\ to the others owing 
to the dc'sign. 

1. Di.iw the* de'sign on the metal bv cleaning the* met.il \sith emer) cloth 
and pl.ic mg .1 [m*ee‘ of blue tr.msfei ji.ipeT be'tween the* di.iwing .md the* met.il, 
then go o\ei the design with an i\or\ senbe-r 

2. Seratedi the design on the metal with ,i steel sc riber, working carefully 
o\er the existing line's 

3. Lay the iiu'tal on .1 sand bag and woik the design up with the punches 



l ie.. Mcllioel ot holding .1 cli.ising tool 
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(( h XV I, f! 21 , No'> 10, M , 1 1 I j), vv on t>l tiu nut.il until 

It IS roughly l)cMttn into sli.ipe, tlun jiiiumI it* .iiul n jual 

4. Now j)],i< (• Qii tlu piti h. hollitw side up, .Is prrvioiisU desei d, .md 

woik the iHtlloin down with boxwood puiu lu s '1 ht' piti li imi-t bo slightly 
warnud toi this lalti i o[)jration 

5. Now lako It off tlu pitt h, aniu-al it, put it on tlu pit< h again, tlu- 
bottom sido up 

6 . W ntk on it with bo\woo<l pun* lu s and tinallv with sU , 1 puiu !u > 

7. l ake It (*[l the pit* h, n \< ise n, and put it *»n .ig.iin, alwav-. gi* ising tlu 
side that goes on tlu- pit* h 

S 1 ' inish olf with s|, , 1 pun* lu s making it as smooth as possibl* 

() 'I'ak* It ott the |>it< h, * l*-m it, tlatt*’n it, and sijuaie up tlie iim 

10. \\ lie tlu- *'dg(- as shown, th.il is, timi th*- t*lg* *»! tlu- plat* tiui.tlun 
tih .ipu **-('( boxwood to tlu si/t i* * juin *1, as diawn, .in<l hamm* i th*- iiu tal 
into tlu gr*iov*' w’itli a pern mg or gio*> \ mg hamiiu r, tlu n la) th* w m- in th* gio*>se, 
.ind h.i miner tlu- edge down and o \ ei it u hiK tlu- bead i< sis m the gi oov mg tool 
(( 'h y I, f 21 , No jS) 

1 1 1' latt* n the 11m 

12 I, ay the plate on a < ak*- ol h ad and pun* h the small boss* s up with a 
round pun* h ol the * 01 n * I si/i- (s* e ( h \\ 1, f 21 , No. 1 1>) 

1’^ ( 'lean up and polish. It * ould b< la* <jiu‘it d if * 1 * sne*l 

Fig. I, Bowl No. 5.- - I his is a litth- more ditli* lilt th.in the jilat* s, but 
still (simjiai.itiv elv simpl*- 

1 .s* t out a lull-‘a o- ele\ati*)ii ( th*- b*»w 1 an*l mak*- a t* mpl* t ot *>ni si*l*- 

and along tlu- bottom to tlu- *'( nti*-, so that wlu n tlu- t<-mpl*-t is laid on th*- * 1* - 
vatuin the e*lg*- of tlu- t* mpi*-l is on th*- outside of tlu- lin* lioiii the top *-dg*- 
to tlu ( entr*- of tlu- bott*)m 'I'liis must b*- an oulsid*- t* mpl* t, similai t*i that 
on ]) So 

2. To obtain the size of tlu- blank re*|uiied to m.ike this bowl, an*l as th* 
bowl is part ol .1 sph* r*-, draw- a siiaight Inu.* from tlu- (-xireim- outer (-dg*- to a 
j)oint that would bo the (ontre ol the half ball if the ( iirved sides wi-ri- *.uried 
round I'his would fie the radius re*juir(‘d. I'or examjiU-, as tlu.- bowl drawn is 
6 in. in diameter and 2 I in. deep, and we made it into a half eircle instead of 
a Hal bottom, it would measure 6 in. in di.imet<-r and 4 in. do* p, and a line 
diawn fiom the (U-ntre to the edge would measure 4] in , so that the diamet*-r ot 
the blank re*juired would be in d ins is the method often ado[)led lor find- 
ing the diam*-ters of the blanks re*juircd for f)ow-ls or s* gments of * in I* s, fuit 
there are man) other methods. 

4 J’he blank should now- be hollowed up as described for the plat*- N*i. 3, 
I'lg. 1 , taking c.ire to keep any wrinkles out. 

4. Aniujal it and ludlow it up a bit deeper 

5. Now put a round stake (Ch. xvi, f. 21 , No 26 ) in the vi* e, or m a s*piare 
hole in the hollowing blo< k, and holding th*- fmwl on lh<- stake as shown in big. 4 , 
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lake a course round ii, dcivinj; the nielal away from you and in a downward 
direction, using a bowsood mallet as illustrated, 
't hese courses must be done evenly, gradually 
working round and round towards the edge, and 
the same weight of blow being gi\en. i’he blows 
must sliglvly overlap one another, and two shf)uld 
not be given in the same plane. 

() 'I’he bottom of the bowl should now' be 
tlatteiK.d on .i pohslusi st.ike (fdi \vi, I 21 , No, 
22 ) and the edge tinnmed off smooth, then an- 
ntsded, pn kled, and dijiped up blight 

7 It should now' be planished all over on 3 
suitable stake, with th(“ planishing hammer (( ’h 
\vi, f 21 , No (S) seeing the hammei and stake .ire 
both w'ell polished, and keep the hammer marks very even .ind do not let the 
edge of the hammei miik tlm bowl, .is these marks ,ire very diffii'iilt to remove. 
.S. (liease tlu' mttuioi of tlu' bowl, .ind fill with pit( h 

When the pit« h Is set, test it on .1 sand bag .tnd draw' on the design foi 
the b.mdmg, .ind line it in with .1 thin Iraier (('h \vi, f. 21 , No. 10). ddien 
w.um .ind remove piti li, and ( lean with p.ir.itfm .ind sawdust 
i o. I'olish it w nil louge 

I I. If leijuiied to be tinned, si our the inside with sand .ind water 01 emery 
cloth, [lamt over the [i.iits th.it .ire not w'.inted to be tinned with whiting, he.it 
the bow'l, tub it ovei with s.d .immom.u ,* |)out m some,* nu'lted tin, swish it 
round, pom it out .ig.iin, he.it the bowl, and wijie the surjilus tin off with some 
tow' dippi'd in silvei s.ind .ind powdeied s.il .immom.ic. 

Bowl with Foot, No. 6, Fig. I. - This is a little more difficult than 
No 5, big 1 , .ind involves silver soldeimg .ind bM/iiig 

1 R.iise the bowl .iiid the foot .is if'si iibed pieviously for No 5, f'lg. 1 . 
j loll the bowl with pitch, .ind when i old diaw on the design to hi*, i.iised. 
] Tr.iee tlu' dc'sign in .is described for the bowl No. 5, Fig 1 . 

Remove the piti h, .ind cle.in the bow! as desciibed for the bowl No 5, 

iMg. 1. 

5 Rest the b )wl on the s.ind bag .uid slightly raise the ornament from the 
inside with the embossing tools (Ch. \vi, f. 21 , Nos. 13, lO). 

(). Obt.im some h.ill-iound mateii.il, the same th it tlu' bowl is marie of. 
If not, m.ike some fiom lound wiie by filing one side 11. it, or h.immermgone side 
flat while the wiie is m .1 gioovmg tool (Ch xvi, f. 21 , No. 2<S). 

7. bend It up into .1 ciiile and bra/e the ends together so th.it it fits on to 
the bowl tight. 

iS Repeat this for the foot. 

I). l-'ile the notihes in the iings as illustrated. 

10. 1*1. u'o the rings in their coirect position and silver solder them on 



Fio. 4. — R.aisiiig a bow'l on a 
st.ikc. 




M) Siher lyg. eighteenth centjr%. V. and A. Ma-tum. . ma/t^ ' eup. ^ccond half fourteenth cen 

lur\ \ and Mu-^eum, lent b\ J C. Robin'^n. 





X Copper CandlesTlLcl<y^ 



Bxn tnade from 
'NtSlOl.S.W.C 
5oft C6}>)>cr 


Fio. 5A. — A copper candlestick. 
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1 1, Pickle, di|), and clean tlie Iwwl ifp all over. 

12. Poll'll! with rouge, and Un or sihcr the inside as rc(|uircd. 

The Decoratron. — This is all on simple hues, and involves owly simple 
processes. The deioiation on plate No. i, Fig. 1 , mhiUI he omitted, thus sim- 
plifying it, and the numher of thiles in pl.ite No 2, log I, v'oulil he rediua d, and 
the ornamental hand on plate No. 5, I'jg 1 , v ould he left out wiihout affeiting 
them to an) great extent 

Special Features, — They are the mtiodmtion of simple raising, tile 
combination of raising .iiul embossing, and methods ot '^titjeiiing the edges of 
jiatenv, bowls, etc. 

riic illustialions in Fig 5 aie liom ohjetls in the \h(loiia .ind .Albert 
Afuseum. 'They are shown as examples ot moo* advam ed work hut ol the same 
kind as the pl.ites and howls shown in I*'ig 1. 

The Jug(i), whi('h is of silver, is of vei\ simpK- eonstriu tion and involves 
only simple [iroeesses. One could ht‘ designed on similar lines, and made as 
follows: The body made in two lialves and silver soldeied together, the junction 
being huldeii b) a piei e of Ixading, the ne( k piei e being deior.itrd whilt* in the 
flat, then bent U[) and joined together; the loot hamiiu r< d up .md dei oralid ; 
the handle modelled on an non ( or<‘, and ( ast in plastiu and tlien m metal. 
RejX'at tills j)ro( ess foi the thumh pu-c e and hing(“, vvhx h appear as if in one* 
piec'e. Hammer up the ltd. Now join tlie ium k pua e on to the Ixxiy, load with 
pitch and lou' h up 01 linisli the ornamental details. Unload the |)it( h, Oean up 
and fix the foot. iMt up the lid and handle togi-ther, then take ajiait, and fix llu; 
handle to the body Now finisii olf, 1 lean uj), and polish. Fasti) fix the lid on, 
and give it a final polish. 

The Silver Plate, big. 5 (2), needs no romm<‘nl. It is of laiglish work- 
manshi|i of the date 1650, and is an examiih* of puni h decoration. 

The Silver Cup, I’lg 5 fui/e ( up of tlx- seioixl half of die four- 

teenth Century, and was lent to tlx- Museum by J. (A Robinson, I'isij It is very 
graceful in form, .uid the sl)le of d<.< oration very simple and jileasing. 

i'RlPOl)^. 

Subject and Uses* — I’he footman or tripod illustrated in I'lg. f> is 
a most useful artx le for standing on the hearth, as kettles, jilates, etc , ( an thus 
he kept warm. 'I'lie top lends itself to a great variety of geometrx al di signs, 
and could be cast or pierced. 

The Joints.—' riiese are riveted joints of tliree kinds, n.uix ly, tenoned and 
riveted, flush or ser ret riveting, simple riveting. 

The Processes. — ^Make a tlr.iwing full si/e of tlx- st.iixl, from this make 
separate drawings on strong pa[)er of the side view of K g as shown in Idg. 6, also 
plan of the top ring A, plan of the supporting ring H, and a tracing of the top. 
If a number of tlie same pattern are being made, a quarter templet of thin sheet 
metal w'ould be advisable. 'The next step would he to make the Kgs, only the 
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foot \V()iil<l rf'iuirv to !)<■ for;4( d, tlu' ht lulyv^ (oui<l Ik- ilonr told, .iiui tlu- tfiioo 
at A ( ut down luiwitn two t uth in llio latlii , or (ill down with a hat k saw * 
and (lied. I he top rin;^ should now In; Ik nt into shape while liol o\ei tin- lu-ak 
of the ainil oi on a sugar-loaf iiiaiuliil, then litted and meted togethei as illus- 
trated, then the K gs fitti d to tlu- toji iing hut not li\td The iing li should ()e 
bent up ( old lound a foinu r. fittt d and ii\itt tl togt tlu i as sliown 'I’lu- lu \t step 
would lu- to dull tlu- holes in the le gs .nul in the iing l> Now iivet the l(-gs to 
the ring at A, tlu n met them t(.) tlu iing li I'lu tnu ing ol tlu top ^hoiilil now 
he transf( rn d h) means of ( aihoii tr insji i j>a|>( i to the sheet luass, oi the tiai mg 
might Ih- gumiiu'd on din t t. Small IuTn should he diilieil now wlu le nei'essai) 
for the insrrtmn of the saw hlade, and then, 
holding the int saw as illusiiaitd in l ig 7 , 
t ut out the design Tlu- oinanu nt should lu- 
trimmed up with small I'lles, maik and dull 
the hoK-s foi n\eting to ring A and aniual 
the mets. The ironwoik of the stand should 
now he < h aned up oi painted, and the top 
plate jiolished , till top pl.ite- (an now lu- 
iiveted t(.) the stand and gi\(n a lin.d polish 
ll should not In- Ku ipii n d 

Decoration. I'his is mainly in tlu- top 
plate-, hut a gn at \ariatu>n < ould In mad< .h\ putting .i jiieri ( d hand wlu le img 
h Is, or the Ii gs ( ould lu- shaju d, twisted, oi < \ ( n tuiiu d, hut it all ad(U to the 
amount of work 'Tim hr.iss top pl^te (ould he w itlmut pien mg il pn K i n-d, and 
a ill sign ( ould he ( ngtaved \i i) strongly oi < ven othei metals might he inlaid 

Special Feature -d'lus is tlu- top, as it gi\(s sm h a (me oppoilunity 
for tlu mtrodiK tioii ol an oiigm.d g( oiiu-liu al d( sign. 

A\() 1 L(AX 

Subject. — \n <ul-( an, a most luu ( ssaiN .ind Us( lul ohjei I in .i iiu tal woik- 
shop, and in m ikmg this a laig* \.iiu l\ of pro( essi s h.iie to he gone through 

The Joints. — 1 hey aie lap, |(»ld((l, ( lamp! d, m ( ted, soft soldeied, and 
s( rewi d 

The Processes. -~1 he full-si/i < !< \alion should lu srt out, and Imm this 
the de\i lopiiK nt ot the Ixuh and the handle 1 lu drawings of the two j)att(-rns, 
allowing loi shrinkage and tinning, should he m.uk lull si/e 'Then tlu- two 
p.Utiins ( ould he tuimdout of boxwood, working acmiiatily to the drawings 
d hese jiatteins should lu suit to tlu loundiy to lu- < ast m hiass or gunim tal, 

while the otlu r jiails art lu mg pnu « < d< d w ith 'I'lu- lu \l st< ji is to ( ut out the 

de\el()[)menl of tlu luuh .ind u^( it as .i tenijilt t, oi dexilop the body on to the 

metal being Used, whuh should be 2O or 24 I S\\’(i., .md < ut it out with llu- 

snips , tlu- bun should lu lublud off with .i file, and tlu,* body bent up to shape 
on the funn. 1 siakt- (Ch. \\l, I 21 , No 24) ll the joint in tins is going to be the 
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Fig. 8. — An oil-can, showing methods of construction. 
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folded joint B or the eiaiiipt'd joint C, thej il^'s should he pu piu d lx fort' heiuh 
ing the body into shape. When the bodv h.is Ixx-n bent to shajx* llu- seam should 
be set down, so obtaining a neat and ( lose- joint, and the Ixxly measured .iiul eom- 
pared with tlu' drawing, d'he (lolt lor the bottom (ould now lx‘ cut out with 
the straiglit snips and trimmed up, a line drawn on it to ('oriespoiul w nh the 
outside diametei of Ixxly, and tlu‘ etlge turix'd U|) .is illustiated. 'Elu- handle 
should now be eut out, the lioles punehed, ami woiked up to tlu' sh.ij)e leqinred, 
and tile spout and (ollar turned .ind sen-wul d'he si lewing i ould eitlua be done 
with the taj)s and dies, oi on the lathe with the inside ami outside ( haseis as 
shown on p. 20b. luii imihod of holding tinning tool loi biass 01 gunmei.d si i* 
Fig. 7, Ch. VII. The handle should now be lilteil to llie Ihx1\ .iml ii\(!id on, 
and the collar soit soldeied in |)osition fiom the iiisidi , .dso the inside i mis ol the 
rivets to pievent leakage. 'The bottom should now belitt<d to tlm bod\ and 
pojipled, that is, It should be pkua d on .1 jiolished stake .ind stun k a li w blows 
with a light planishing hamtix 1, thus making it spungy Lhis .illows the oil to 
be s([uirted out by piessing the bottom in The edge, 01 l.ig as it is soun i lines 
called, should be wotked down on to the suk s ol the body and soil sold( n d, only 
a very small amount ol soldei to be uskI It imikl now lx- washed < li an, and 
jiolished with dry loiige. 
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Fig. I.— a candlestick in turned brass. Shaded section shows method of 
construction, thick black lines being sections of castings. 





CIIAIM'I'R IX 

SPECIAL MODELS IN METAL 

FOR f:vf:nin(; puimls and othf:rs 

'ruRNi<:i) I'.RAss (:andfi-:sti('k i). 

Object- -Useful model suil.\bl(‘ for a sec'ond or ihird-yiMr student ; shows 
api)lu'alion of pattern and ('ore box making;, luininp^ in wood ;ind nietal, 
screwinj^and di illin^u 

Material Required 

boxwood for jiallc'ins. 

Sheet non or /me foi templets. 

Mne plaster of Paiis foi eoie box. 

lion rod for stien^theninjj; (oie box 

Method of Procedure. — I. M.^ke templet of pillar, Fi^. I (i), for ex- 
ample see Fig b, ('h. vii 

2. Make templet for base, Fig 1 (5), <ind nozzle, log 1 (^) 

d'urn pattern o( pillar, k ig. 1 (1), ineliidmg j)ioje(.tions shown by dotted 

lines. 

4 'I'liin coie punt to' inside line, I'lg. 1 (i), including projections shown 
by dotted lines. 

5. See that pattern and eoie print are both the same length and that the 
projections shown by dotted lines are the same si/e on pattern and core 
print. 

6. Fay pattern on some moulding sand, and [lack sand all round it and 
level with the centre, and see that surface of sand is flat so that when the pattern 
is removed a sharp outline is seen. 

7. Remove pattern and lay core print in, and see if there is sufficient space 
all round for the metal to run. If not, correct it and test again. 

cS. Turn the nozzle, Fig 1 (3), to the outside line, including the dotted line. 

c;. Turn the base, Fig. 1 (5), inside first, then the outside and cut off. 

10. d'urn pan, Fig. 1 (4), and save-all. Fig. 1 (2).' 

11. Make core box in plaster with iron stays as shown on [). 96; where 
the method of making this is also described. 

(95) 
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12. Oet castings of these parts in brass or bron/e as required. 

13. 'I'lim the rough lumps off the castings and irnmeise in weak pickle for 
about two hours. 

14. 'burn them to the correct shape, and screw the various paits so that 
they fit together. For method of holding turning tools see h'lg. 7 , Ch. vii. 
For turning tools suitable for this work see Figs. 22 (i t-17), ('h. x\i. 

15. Polish and colour down to wha'levei shade of ( olour is desiied. 



Fig. 2. — A core box. 


16. Coat with lacquer and put together. 

Decoration. — This article IS decorative in itself, but it could be brou/^ed 
or gilt if required. If this candlestick was made of brass, then well [)olished and 
lacquered, this is all that would be necessary. 

Method of Making Plaster Core Box.— 

1. Have a box of moulding sand and level off the top. 

2. Bury core print in to a depth of one-third or a little more, but not half. 
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3. Cut some pieces of flat thin metaf the length, breadth, and about 3 in. 
deeper than you require. 

4. Stick these in the sand, forming a box round the core print. » 

5. Take core print out of sand, well grease, and replace. 

6. Mix up plaster of Paris with water to the consistency of cream and pour 
over core print to a depth of about i in.^or a little more ; let it set a bit, then put 
in iron wire stays and fill up with plastei. 

7. When set, take off the sand and cut face down so that core print is 
embedded in the plaster exactly half-way ; cut hollows for guides. 

8. Do not take coie print out of plaster but well grease core print, and 
face of plaster. 

9. Place this half of core box on the sand, face uppermost ; put pieces of 
tin round the sides as before, mix and pour plaster on this as before. 

10. When set take o(T sand and trim off rough edges and scpiare up to 
shape. 

1 1. Wait until the whole box is thoroughly hard, then give a gentle tap and 
it will, come apart in two halves, then remove core print. 

WROUGHT-IKON CANDLKS'ITCK (Eig. 3 ). 

Object— To embody various processes in a simple model, suitable for a 
second-year student. 

Shows the application of chop{)ing out, filing, drilling, turning, embossing, 
bending, brazing, screwing, fitting, aijd riveting. 

Materials Required.— 

7 in. of in. round iron for pillar. 

6 in. of in. round iron for feet. 

5^ X 4 in. of No. 12 I.S.W.G. iron for base. 

14 in. of ^ in. square steel for spear, 
in. of I X I in. for base of spear. 

6x6 in. of No. 22 I.S.W.G. iron for shield. 

2^ in. of I in. x No. 14 I.S.W.G. iron for clip. 

2^ in. of I in. x No. 14 I.S.W.G. steel for spring. 

2 in. of i X ^ in. iron for filling. 

3x4^ in. of No. 22 I.S.W.G. for save-all. 

1 in. of J in. wire (iron or steel) for taper pin. 

2 No. 4 B.A. iron round-headed screws. 

I iron washer in. hole. 

Method of Procedure.— 

1. Make thin metal templet of pillar, as shown in Fig. of Flammer 
Head, f. 6, Ch. vii, p, 80 ; also half templet of base and shield. 

2. Dress up ends of iron for pillar, centre, drill small hole and countersink 
to fit centres of lathe. • 


7 
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3. Drill a hole as a guide in one cnchto the depth re(]uiied fur the socket, 
then drill a hole J in. diameter. 

4. Put the iron .in the lathe and turn to fit th.e templet. For im thod of 
turning iron by hand, see Ch. vii, f. 8. For tinning tools, see Ch \vi, f 22 . 

5. Dress up ends of round iron for the feet. Centre, drill small hole, and 

countersink as before. , 

6. Turn feet to templet, cutting them nearly off but not (juite, then finish 
cutting them off with hack saw. 

7. Mark out base on No. 12 L.S.W.CL, using templet. ^Cut out, file U[), and 
chamfer. 

8. Upset and spread end of \ in. scpiare steel for spear IumcI and file to shape. 

c;. File base of spear out of the piece of i x J in. and fit speai to same, then 

braze together. 

10. Cut shield out of No. 22 I.S.W.G. .ind trim up edges. Jbnboss centre 
and bend up the scrolls. 

11. Take the 2 in. of ^ x | in. and fit to hollow of shield, and braze in 
position. 

12. Make spring and clip for junehing s[)ear to shield and fit them. 

13. Drill clq) with holes to clear sctcws, drill tap[)mg holes in filling of 
shield and ta{) with No. 4 B.A. T ajier and plug tap, trying the screws when 
finished. 

14. Make socket of save-all by rolling piec'e of No. 22 L.S.W (i. iron round 

a piece of tube or iron rod to fit d e socTet in pillar, and make sim[)le lap joint 
and braze together. ^ 

15. Emboss pan of save-all. Cut out hole to fit socket just made and roll 
edge of socket over on to pan and braze from the underside. 

16. Mark holes on ba>e [)late for feet, spear, and pillar, using templet, filing 
hole for spear rectangulaf with a sejuare file. 

17. Fit pillar to base plate and washer underneath, then mark hole for pin 
and drill. 

18. Fit feet and rivet them on to base [ilate, leaving heads semicircular. 

19. Put the whole thing together, and see if it looks square and upright. 

20. Take apart, clean up thoroughly, dull polish, and lacejuer with a colour- 
less lacquer, and put together. 

Decoration. — The decoration is obtained by forming the outlines of pleas- 
ing and simple curves, also by using the construction such as the raised rivet 
heads on the base to form a decorative feature. The chamfering is also a simple 
form of decoration as well as the shield, which is based on an Elizabethan ex- 
ample and is ornamented by the scrolled ears and raised centre which was char- 
acteristic of that period. 

HINGES (Figs. 4 and 5 ). 

Subject. — The hinges which are illustrated in PAg. 4 are Elizabethan in 
character, but the large one is distinctly Dutch. 
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Fig- 4- — Examples of Jacobean hinges. 
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Fig. 5. — Strap hinges and a method for making the knuckle. 
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Those illustrated in Fig. 5 are modern, and any of these could be modi- 
fied to suit existing conditions. 

Th« Processes. — I. Make a full-size drawing of the hinge selected. 

2. Make a tracing of the ornamental side, and transfer or gum on to thin 
sheet metal. 

3. Cut the temp’et out, allowing it to butt up against the outside of knuckle. 

4. Cut out the metal roughly to shape for the hinge and the flap, allowing 
for the knuckle. 

5. Roll up the metal for the knuckles using the steel mandril, as illus- 
trated in Fig. 5 , Nos.'i, 2, 3, 4, 5. 

6. Set out the knuckles for cutting, and notice should be taken that in a 
three-knuckle hinge the centre ones equal the other two, in a five-jointed one the 
two equal the three. 

7. Cut the knuckles, file and fit them together neatly. 

8. Lay the templet on the hinge and mark it out. 

9. Raise or cut it out to the shape, and trim it up with files. 

10. Drill the fixing holes, and file off the burrs. 

1 1. Cut and fit the pin for the knuckle; if knobs are going to be used, the 
pin should be screwed, and the knobs drilled, tapped, and turned. For shapes 
of turning' tools for brass set see Ch. xvr, f. 22 , and for method of holding 
them see Ch. vii, f. 7 . 

12. The parts should now be pMished, coloured, and lacquered. 

13. Put it together, taking c ire not to scratch it; re-lacquer if necessary. 
See that the knobs do not bear on to the krfuckle, they must screw down tight on 
to the pin. 

The Decoration. — This is obtained by embossing, piercing, shaping of 
the outline and chamfering, while the iron hinges should be hammered all over 
the face and chamfers with a polished face hammer, which gives them a kind of 
texture, like those shown in Ch. xii, f. 9 , but it must be done carefully and 
with judgment or a pitted appearance will be the result. 

Note . — These models introduce knuckling and consequently careful fitting. 
As hinges are made in many different forms, to suit varied conditions, these 
could be modified, so giving an opportunity for adapting, or designing to suit 
the particular purpose for which they are required. 

HANDLES (Fig. 3 ). 

Subject and Uses. — In Fig. 6 are illustrated a number of handles of 
various types, involving many processes, and the use of many metals. With 
very little alteration they could be used for many other purposes bisides fire im- 
plements. They are suggestions showing what is really practical, and they are 
placed in their order of difficulty. No. i is the easiest to make, while No. 12 
is the most difficult. Before making any of these a working drawing mu>t be 
made giving the various sections through the different parts. The drawings 
should be finished in ink. 




Fig. 6. — Suggestions for handles in various metals. 
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The Processes. — No. I. This is made of iron. 

1. Draw down a piece of in. or J in. round to the required length. 

2. Bend it as illustrated in Fig. 7 (3), Ch. v, and twist it round the stem. 
This would have to be done while at a red heat. 

3. Clean it up and finish it armour bright. 

No. 2. 'This is made of iron. 

1. Heat a piece of in. or ^ in. tound iron and tie a knot as you would 
with a piece of cord (experiment with the cord first), and only the hammer and 
anvil is necessary. 

2. On the piece that projects shut a collar as illustrated in Fig. 7 , No. 3. 

» 3. After the collar has been shut on raise to a welding heat and shape it 
with a hammer. 

4. Clean up with files and emery cloth, and finish it armour bright. 

No. 3. This is also made of iron. 

1. Practise with a piece of cord before commencing this. 

2. Draw out a piece of ^ in. or in. round until you have the required 
length, then roll up the end tightly and weld together to form the flat solid scroll end. 

3. Bend up to shape. 

4. Clean up and finish armour bright. 

No. 4. This is also made of iron. 

I Experiment with piece of cord first. 

2. Draw out a piece of ^ in. or, /g- in. round to the required length. 

3. Bend to shape. 

4. Clean up and finish off. , 

No. 5. This is also made of iron. 

1. Measure the exact si/e of loop and mark it off, then allow sufficient for 
drawing down and welding together. 

2. Flatten the four corners slightly of the length marked o/f for the loop, 
and just past the marks. 

3. Put a deep chisel cut down the centre of the flat on each corner. 

4. Draw down each end from the square to the round. 

5. Now heat and twist this centre portion. 

6. Bend round a piece of round iron and bring ends together. 

7. Weld ends together, scarf, and weld on to a piece of ^ in. in. rod. 

8. Heat between loop and end, cool and hold end in the vice, place a 
piece of round iron in the loop and twist. 

9. Weld a collar on as illustrated in Fig. 7 , No. 3. Before actually welding 
on the collar it would be better to thicken the stem by upsetting it, just where the 
collar is going to be. This prevents the stem wasting just where the collar is. 

10. Shape the collar with a top and bottom tool or with a file. 

11. Clean up and finish armour bright. 

No. 6. This could be made of iron, ora wood pattern could be turned and 
filed up, then a casting could be made in brass or bronze, and this could be 
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brazed to a rein of similar metal, and then f;led up. If it was made of iron and 
used as an exercise in forging it would be made as follows : — 

1. Have a convenient length of I in. round and upset it wheie the ^thickest 
part IS. 

2. Draw the lower part away with top and bottom fullers until nearly to size. 

3. Put neck in with top and bottom collar tools or with tlvn top and 
bottom fullers and shape up the knob wifh the hammer only. 

4. Cut off excess material at bottom and scarf and weld on to the proper 
size rein. 

5. Finish shaping up the flats on the handle and woric the flats into the • 
round gradually. 

6. True the flat surfaces up with a file. 

7. Finish off and polish. 

No. 7. 'Phis is made of iron with a strip of copper inlaid. Yellow metal 
that will stand forging could also be used. 

1. fjet two ]ue('es of J in. s(juaie iron and make them half-round with a 
^ in. top swage. 

2. Place them with the flat sides together and w'ekl then\ at the top and 
bottom. 

3. Weld a collar on at the top end to form the knob as illu.lrated in 
Fig. 7 , No. 3. 

4. Scarf the bottom end and weld on the rein. 

5. Get the piece of metal you wish to inlay; thin the ends down and leave 
it a little wider than the half-round pieces, 

6. Heat the handle and separate the two pieces of half-round with a thin 
chisel ; insert the metal strip and close it all up tight. 

7. Now heat it carefully all over; place one end in the vice, and holding 
the other end with the tongs or pliers twist it. 

8. It the handle has got a little out of shape straighten it while hot with a 
wooden mallet. 

9. Finish off and polish. 

No. 8. The method of making this is shown in Fig. 7 , and explained 
on p. 108. 

No. 9. This should be made of iron and is a more difficult piece of forging. 
The shaping is done with the hammer. When finished it could be used as a 
pattern for casting from, by cutting one side just where they cross over, and 
bending it clear of the other side, so leaving it. If they are cast from this in 
copper, bronze, or brass, after they have been annealed and filed up it can be 
bent back again to its original shape and brazed together. If neatly done the 
joint hardly shows. If made of iron the method of procedure is as follows : — 

1. Take a piece of ^ x ^ in., roughly mark off the length required and 
draw down the ends and round them, working away from the centre. 

2. .Shape and bend the ring at top simultaneously. 
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3. Finish bending and working it to shape, trim off the ends to the right 
length, close them together and scarf them. 

4. »Take the piece of iron for the rein, upset the end and shut a collar on 
as illustrated in I'ig. 7 , No. 3, leaving a piece projecting through. 

5. Shape up the collar and scarf the piece projecting at end. 

6. Weld the handle on to the piece projecting beyond the collar. 

7. Clean up and polish. 

No. 10. This would be most suitable if made in bron/e, but it could also 
be made in any similar metal, and it is a pattern suitable for casting. 

1. Turn exactly to the outline in some hard wood, such as boxwood. 

2. Carve the ornament. 

3. Cast in bronze. 

4. Pickle it to remove the sand. 

5. 'Purn all the plain parts in the lathe. 

6. Chisel, riffle, and chase up the carved portions. 

7. Polish with sand and crocus in the lathe. 

8. Stain a dark brown as explained on p. 154. 

9. Lacquer with tiansparent lacquer as described on p. 177. 

No. 1 1. This one could be made exactly as described for No. lo, but as 
an alternlitive it could be modelled on a core, say an iron rod, in some plastic 
material, then cast in three parts in plaster; this would be the mould ; this should 
be well greased, or soft soaped, then the pattern could be cast in this, but it 
should be strengthened with an iron core. The finish would be the same as 
No. 10 or varied according to taste. * 

No. 12. This would also look well in bronze, but it would have to be 
modelled as described above, and finished as No. 10. An excellent exercise in 
modelling in the round. 

THE COMPLETE POKER. 

This would be most suitable if all in iron, and it would be made in three 
pieces, namely, the handle, the rein, and the bit ; these when finished would all 
be welded together. 

The Handle. — I. Make the loop from | x J in. ; shape and bend it, and 
scarf the tw'O ends together. 

2. Shape the grip part of the handle from a piece of I in. square, thicken 
it up where the collar is and work up the collar, and draw away for the rein. 

3. Scarf the end of the grip, and weld on the loop piece. 

4. Draw down the two tail pieces from | in. round iron, cut them off, and 
scarf the bottom ends where they are thickest. 

5. Weld the two tail pieces on to the handle. 

6. Dress up the handle, and put the grooves in with top and bottom fullers. 

7. Curl the tails round the loop of the handle and see they set nicely. 

8 . Cut handle off where it has been drawn away for the rein, and scarf it 
just below the collar. 



Fic.. 7,— Processes in making a cage handle. 
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The Rein. — I. Get a piece of.J in. square, draw away each end, round up 
with top and bottom swages. 

2. .Shape up the centre boss and groove with top and bottom fullers. 

3. Scarf each end. The ends of the centre rein should have been left a 
little thicker ready for scarfing. 

The Bit. — I. Get a piece of J in. square, work the bit roughly to shape, 
draw down the end and scarf ready for welding on to the rein. 

2. VV^eld the rein on to the bit. 

3. Cut the surplus material off. 

4. Hold it by the rein and work the bit into shape and finish off. 

5. Weld the handle on to the other end of the rein seeing that the overall 
length is correct. 

6. Examine it all over, clean it up and finish off armour bright. 

METHOD OF MAKING A CAGE HANDLE. 

Subject and Uses. — The drawings in Fig. 7 illustrate the method of 
making a cage handle, which is very suitable for fire implements. This is ex- 
cellent practice in light smithing. 

The Joints. — These are all welded joints. 

The Process. — I. Cut off six pieces of rod the length required, also two 
short pieces, and tie together with iron binding wire as shown in No i. 

2. Weld the ends together atHhe top and bottom as No. 2, holding them 
in the hollow bit tongs. 

3. Upset and scarf a piece of in. ground, scarf one end of the handle and 
weld together. 'Fhis gives you something to hold it by. 

4. Shut a collar on top and bottom as drawn in No. 3. 

5. Heat the end to a welding heat and form the knob as in No. 4, then 
slightly round up bottom collar. 

6. Heat evenly in the reejuired place (see No. 5) and carefully twist it. 
The heating is important, or it wdl not twist evenly. 

7. Carefully heat and unwind slowly, slightly tapping the knob, thus 
shortening the handle a little. 

8. Regulate the cage so formed with flat and round-nased pliers. 

9. Shape bottom collar with half-round files. 

10. Clean up with files and emery cloth, seeing that the wires are kept circular. 

The Decoration. — The handle itself is decorative, but it could be en- 
riched by shaping the knob or engraving it. The handle need not be made from 
round wire, but it could be made from in. square that has been twisted in 
opposite directions, so that as there are six wires you could have one twisted to 
the right and the next to the left and so on. When finished three wires would 
have a very gradual or slow twist. 

Special Features. — This is the welding ; and the ball knob shou’d be 
done with a hammer, not filed. It is a good test for the appreciation of line 
and form, as a templet or guide is not used. 



CHAPTER X 


HISTORIC CRAFTWORK AND ITS APPLICA- 
TION TO CLASSWORK* 


Handcraft or manual training should— as has been previously indicated — not he 
restricted to mere hand training or dexterity, but should aim in the widest sense 
at a general understanding and appreciation of handwork, in fine pieces of craft- 
work and buildings. Whilst many pupils of handcraft classes must inevitably enter 
trades, it does not necessarily follow that the instruction should be in any sense 
vocaitional. The authors favour traditional methods because of their proved 
value and of their educational possibilities, but in the early years of handcraft 
training, the training is necessarily educational and cultural, d’he writers think 
it will be granted that those pupils who arc latci to enter the various artistic and 
mechanical tr.ides, and who take up a regular course of technical work would, 
after a good handcraft course, be sure to profit by the more advanced training, 
and would also be able to proceed cirectly to techni('al courses. 

1 he United Kingdom teems with fine entrances and doorways belonging to 
bygone periods, churches, cathedials, castles, public buildings, colleges, and 
town and country houses presenting many splendid features. Fig. i represents 
a fine example of a doorway at vSouthgate Street, Winchester. The Brothers 
Adam designed many fine’doorways of this type which may be recognized by their 
refined treatment of classic detail. “Adam” doorways are always composed of 
classic elements such as fluted columns and pilasters, cornices with dentils and 
“guttac,” and the design of “Adam” doorways clearly indicates the source and 
inspiration of their work. They freituently designed doorways such as the one 
illustrated with overhanging “ porticoe.s,” and their designs for doorways are 
also characterized by finely designed “traceries” in the “fanlights.'’ Portico 
is an interesting architectural term derived from the Latin word “porta” (a 
gate), and this root can also be traced in other interesting terms such as porch, 
portiere, and portcullis. Portico means, literally, a range of columns or colon- 
nade in front of a building. The entrance is set back from the columns as in the 
case of the West Front of St. Paul’s Cathedral, and the Royal E.xchange, London. 
The front of the portico is characterized by two fluted columns, classic in char- 
acter but not copies of any of the columns belonging to the classic orders. The 
column itself would provide ample material for one object lesson, if an instructor 
treated this from earliest times and dealt briefly with the general growth and 
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development to the time of the famous Greek buildings. The German archaeolo- 
gists, Von Reberand VVinkelstein, in their various works deal at great length with 
early columns. Von Reber gives an interesting account of the primitive square 
pier in the rock-hewn chambers along the Nile. These were carved from solid 
rock, and the necessary support for the roof or ceiling was provided by leaving a 
square pier at intervals. To facilitate moving about these chambers, he considers 
that the corners were chamfered away, thus forming an eight-sided or octagonal 
column. The second stage appears to have been similar to an irregular octagon 
in sectional plan, and the third indicated above was an improvement on the 
octagon, for all the sides were equal in size or regular. A desire to improve 
upon this type is believed to have led to the sixteen-sided column by the simple 
process of doubling. The last development would naturally lead to a column 
almost circular in sectional plan, for Von Reber thinks that the Egyptians re- 
jected the sleek rotundity of a circular column, in favour of one displaying greater 
preponderance of vertical line, which suggests greater strength and rigidity. A 
desire for ornament appears to have suggested channelling each side, and this 
would also accentuate the vertical line effect. Some authorities consider that the 
last stage lepresents the “ proto-(ireek " form which was later to develop into the 
columns of the Ionic, Corinthian, Doric, Tuscan, and Com[)ositc orders. The 
parts of u column are variously named shaft, neck, ca[)ping, base, frieze mould- 
ing, flutes, fillets, scrolls. The terms “ entasis ” and “module” are also intro- 
duced. If the column with corresponding parts of the order arc dealt with, then 
the following terms would also be dealt with, viz. cornice or entablature, cornice 
moulding, frieze, frieze moulding, modilli€n, guttai, dentil, pedestal, base, surbase, 
plinth, and abacus. It would be difficult to find a building which did not have 
parts corresponding to those mentioned above, and as each term has a distinct 
and separate evolutionary interest, and many are derived from the same roots as 
more commonplace woids, it will be seen that a uni(jue opportunity is afforded 
for linking up learning or culture with real things. Above the columns of the 
portico is the cornice, ada{)tations of which are seen in commonplace thing 
in every home. Thus the “frieze” of the cornice applies also to the cornice 
of a wardrobe or bookcase, whilst the moulding of the portico cornice has 
its parallels in a plaster ceiling cornice, sideboard, cupboard, etc. It could be 
pointed out in another lesson that all mouldings are made up of various elements 
found in the classic orders of architecture, such as “ cyma recta ” or right ogee, 
“ cyma reversa ” or reversed ogee, “corona” or drip, “trochilus” or scotia, 
“ cavetto ” or hollow, “ ovolo ” and fillet, “ astragal ” or bead, “ fillet ” or square, 
“ torus ” and “ fayia Some of these elements occur in the cornice illustrated, 
whilst the frieze part introduces such terms as “swag,” “husk,” and “patera ”. 
To further illustrate the application of architectural terms to domestic features, 
one has only to quote “skirting,” the moulded board round a room, or “ plinth,” 
a moulded base to a piece of furniture, the “ architrave ” of a door, and the 
frieze or picture-rail of a room. Ordinary room doors have “ stiles,” “ muntings,” 
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rails, and panels ; Gothic windows have tracery, quatrefoils, trefoils, cinquefoils, 
lancet shapes, etc. An analysis of the terms is valuable, as indicating a common 
root origin with other common terms or words. It will be seen upon reference 
to the photograph that the back of the portico has two supporting “ pilasters 
The parts of these are named very similarly to the parts of the column, and the 
connexion between “ pilaster ” and the Latin word “pila,” a column, pillar, and 
pilon, should be noted. The door itself m Fig. 1 gives another fine opportunity 
for the discussion and comparison of terms, and the fanlight above the door is a 
feature of the period. Whilst upon the subject of doorways, mention should be 
made of others than the one directly dealt with, such as thc^^e with semicircular 
arched tops, a feature of Roman construction, and usually made with tiles. 
Norman doorways in churches and monastic buildings arc also semicircular, and 
massively built of stone with carved decoration. Gothic doorways usually have 
the pointed arch as a distinguishing feature, whilst those built during Tudor times 
have a characteristic Tudor arch, like a flat lancet shape. Below are given a 
few notes and suggestions in connexion with object lessons based upon the fore- 
going matter. 


Object Lessons on Doorway. 

It is suggested that the class has visited a doorway, similar to the example 
shown, or has a large charcoal drawing of one displayed upon the wall. 

Apparatus. 

■ (a) Large charcoal sketch of doorway about 4 feet to 5 feet high. 

(/>) Blackboard, etc., for sketches, diagrams, and notes. 

(<;) Plaster cast of a typical piece of ornament (such as for example part of 
the frieze shown in photograph). 

First Lesson. 

1. The teacher to deal with the earliest known doorways, giving as an ex- 
ample a simple hole with stone or block rolled in position for security. 

2. Evidences of ancient doorways and gates, as shown by Biblical and 
classical quotations. 

3. Examples of ancient doorways, photographs or diagrams of ancient 
Egyptian remains, and museum specimens. 

4. Identity of doorways. Teacher to deal with historical examples. 

Second Lesson. 

(rt) Roman. — With semicircular head. Noting characteristics such as the 
principle of the Roman arch, which superseded the post and lintel construction 
used by the Greeks. Teacher to indicate by means of photos, diagrams, or 
slides, existing remains of Roman work showing these features. 

(^) Norman. — With semicircular head, but built up with sections of stone. 
Note the decoration of these types and deal with examples in old churches, etc. 
Deal also with term “ Norman ” and historic matter. 
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Third Lesson. 

(^) Gothic. — -Pointed arch construction, class to note development from 
semicircular ; with brief historical notes of the time. Illustrate by means ol 
large diagrams the difference between Norman and Gothic moulded doorways. 

(d) Tudor. — With flat-pointed arch construction. The open fireplace of 
Tudor times with arch corresponding to doorways. 

Fourth Lesson. 

A Geon^ian Doonvay as per photograph (Pig. 1 ). 

(^r) (Characteristics of the Creorgian doorway. 

1. Entrance dbor with fanlight above. 

2. Portico with cornice supported by classical columns. 

3. Without portico, but with pilasters and consoles supporting pediment. 

4. Names and outstanding work of some eighteenth-century architects. 

5. Customs of the Georgian period, and use of link extinguishers attached 
to doorways, etc. 

6. Description of terms applied to the various parts of the Georgian door- 
way, column, pilaster, etc. 

7. Indicate application of terms to domestic objects. 

Fifth Lesson. 

(a) .Simple outline diagrams to be drawn of the Roman, Norman, or Gothic 
and Tudor arched doorways, 
or 

{/^) Simple outline diagram of the Cieorgian doorway with names of parts 
indicated, such as • 

pediment cornice column 

capping frie/e pilaster 

It will be seen from the above that <|uite a number of object lessons can be 
devised with the doorway as a basis. 'Fhere is (luite as much interest and scope 
when dealing with the fireplace and the window, whilst woiking backwards from 
a piece of furniture, with a discussion of the technical terms applied, will afford 
opportunities for introducing craft history as well as political history. From the 
ironwork side there is the gate, railings, and lighting structures, all of which have 
passed through definite developments and cannot properly be separated from the 
literary side of history. 

Object Lesson (Metal): Eighteenth-Century Gates. 

The photograph reproduced in Fig. 2 of eighteenth-century ironwork is 
typical of the period, and like much more of our older work is fully understood 
only when we know something of the life of the time. Indeed such pieces of 
work can be used to illustrate and to help us to understand a phase of London 
life now past. 

Life and property are now more secure, and the consequent feeling of com- 
parative safety is reflected in the way our houses are built. The doors of our 
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nitxiern houses and mansions do nt)l requiie the non biiuhni^s \\\ lind on the 
castle doors. Very fre(jiiently these hindiie^s were* elaboration', ol the liinf;es on 
whit h the door was hung F'Jaborations ol ilu* hinge ^ aie to tla) pul on t hint h 
doors, but the only aim is adornment. When the moats with tlie diawbndges 
and portcullises dis^ippeared large and \ery strtnig entrant e gate s ol non \\\'\c 
made m the vs’alls of the castles T'hese g*iles often had, in one tiflhe leaves or 
fKinels, a small wicket-gate large enough to admit only one peison .tt a time 
Round the smaller hut higher houses which bec.une net essary l)et aii^e ol the 
increased population, the w-alls were lepl.it'ed b) ladings nearer the hou^e, anti 
these shut in the house and its forecourt .is shtiwn in tht' illiistiation. I'hat the 
necessities and social t onditions of the times act'ount foi the (Idfeieiit es Ix tween 
the castle with its walls, moat, and drawhritlge anti the house shown is obviou;, 
and whenever [lossible such ct)nne\it)ns between histtiric.d f.u ts anti piat tical 
work should be [)ointed out. 

T'hough around houses iron railings billowed walls, it must not be supposed 
that their origin was merely re[)lacing stont* w.dls. between the t hancel and the 
body of'ICarly ("hristian churches were iron l.ittice scieens ; insult* the entr.int e 
gates of castles were strong lattu'c-w'oik g.ites , and tlieu! with the rows ol serried 
pikes in the hands of stildiers prtiliably suggestetl irtin railings. Delensive rail- 
ings of plain httice work were used by the Romans. Ongin.dly outside i.nlings 
lieing for defence would be high, stiong, anti plain; insitle iionwork, eg. that in 
the A*t'j<is or screens of the S[)anish t athetlrals m.itle in the reign of (diailes V , 
a noble and generous patron of the arts, was highly decorated. When railings 
were no longer merely defensive the inside dect)ralit)ns might have suggested 
decorations for outside ironwork, d'he actual work shtiwn (Fig. 2) is gootl 
smiths’ work, and is an advance tin that tif the earlier years where the smiths in 
their construction often copied woodworkers. Instead of punching holes in the 
horizontal bars which held the uprights, thus swelling the bar anti in no way 
weakening it, they fastened the uprights with Hat horizontal stra[)s iivcletl thiough. 
It may be remarked that this punching w.is tlone when the non was hot. Modern 
punching in tlic cold usually carries away the piece and leaves the bar wt aker. 

The large gate was lighted with oil lamps held by the rings shown on top of 
the lamp holders or lamp-irons, and these in turn were fixed to the lamp standards 
which are the tall panels on each side of the gate. 'The hook shown in front 
of the lamp-irons was for the ladder of the lamplighter. Such lam[)-irons, 
though now common only on the houses of doctors showing their red lanterns, 
were then a feature of all houses of any size. A law was passed by the Mayor 
of London commanding all whose houses fronted any street, lane, or public 
passage, to hang out a lamp or lantern during the winter evenings from Hallow- 
tide to Candlemasse (October to February). Sufficient cotton wick had to be 
provided for a light lasting from six to eleven o’clock. Public lamps were su[)- 
plied where absence of these privately owned lamps rendered them necessary, and 
were provided for by fines of one shilling a head levied on those who failed to 

8 



HANDCRAFT. 


[CHAP. X. 


tl4 

hang out a lantern. The work of the municipal authorities, the organization of 
the police, and education, have provided lamps, lessened dangers to citizens, and 
diminished brutal crimes ; but on some old houses are still to be seen interesting 
examples of the old lamp standards. 

Another interesting feature on some old houses reminiscent of dark unlighted 
thoroughfares are the link extinguishers, which can be seen one on each side of 
the lamp standards. These curious looking horns or trumpets, into which the 
link-boy thrust his torch to extinguish it, are made of sheet iron. Some of them 
had lids. Actual •examples still remain on the fine lamj) standards in Berkeley 
and (irosvenor S(juares, the mansions in which date from 1700. The links or 
torches of tow and resin or of pitch-pine were kept in rings driven into the walls 
inside the entrance. In Florence cemented into the walls of the Strozzi Palace 
are some magnificent torch or link holders. 'These are of wrought and chiselled 
iron in the form of a winged dragon with a human fice. The mouth holds a pin 
with a chiselled ring into which the torch fits, and on a bracket supporting the 
body is a carved and studded ring for the reins of the horses of visitors. There 
are many specimens of these torch brackets in the Albert and Victoria Museum. 
The man who loves his craft must now and again mourn the fact that gas and 
electricity, with their often ugly cast-iron standards, have made such fine examples 
of good work unnecessary. 

The small spikes in the bottgm bar of the centre gate are known as dogbars. 
Necessary as such bars might be to-day in some of our London suburbs, they were 
still more necessary in the city where, before the days of the dustmen and bins, 
the offal thrown into the streets provided rich repasts for hundreds of stray dogs. 
'They are reminders of the less pleasant and less heroic things of old days. 

Dropping now the historical aspect we shall remark on some features of the 
photograph tliat may be interesting to craftsmen. The pilasters which follow the 
ramps are of good [iroportion and are of the form usually known as the lyre form. 
This is obvious. The C scrolls in the centre are held in position by a collar 
made in two pieces and riveted through. The tops of the pilasters are finished 
off with cast-iron knobs. The tops of the palings (usually called railings — a rail 
is a horizontal bar, not a vertical one) have been forged separately and screwed on 
to the tenons forged on the uprights. The lower ends of these uprights have 
been left rough and leaded into the stone base. The appearance of the work is 
greatly improved by moulded spikes and leafy arrows alternately placed along the 
tops. As J. de Wolf Addison says : " Craft may be practised without art and still 
serve its purpose, but an alliance of the two is a means of giving pleasure as 
well as serving utility. ’’ 'The photograph shown proves the truth of Addison’s 
statement. 

The fine pair of gates illustrated in Fig. 3, at Belton House, Grantham, 
Lincolnshire, are also typical of early eighteenth-century iron work. It should be 
noticed how the family coat of arms is embodied and forms an interesting portion 
of the design. 
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CLASSIFICATION, DISTRIUU'ITON, DKSCRI P riON. 

Timbers — Mother of Pearl -blue Pearl — Japanese Pearl — Ivor) — I'oi loise-shell, 

“After .ijl the trees have been rut down, it will be necessary hir tlu‘ aits to 
cease.” — Pai.Issy (i6th cent.). 

riMHKR. 

Timher is the product of “exogenous” (outward growing) trees, as distiiKt 
from the “endogenous’’ varieties (in which are included palms), growing or form- 
ing wood of inward growth. Practn dly the only excej)ti<;n to the general use of 
exogenous timbei in woodworking is the use of palm, known more commonly as 
partridge and lace\\ood from its peculiar markings. I'^xogenous trees are again 
divided into two classes, hardwood and softwood trees respectively, broad and 
needle-leaved trees. 'Phis classification is botanical rather than commeKnal, for 
some woods of a haid texture, such as the yew, belong to the needle-leaved class. 
On the other hand, whitewood and poplar are soft in texture though belonging 
to the hardwood class botanically. 

Chart I on the next page indicates the commercial and botanical classifica- 
tion of some timbers, which are, with the exception of yew, beech, and poplar, 
used in handcraft work. 

Reference to Chart 1 will show the rather misleading classification of timbers, 
and this list could of course be extended indefinitely. 

Effect of Climatic Conditions. — One of the most important factors in 
the growth of timber is climate. This accounts for the wide distribution of many 
types, for instance, pines, firs, and spruces are almost universally distributed, and 
it will be found upon examination of general conditions that differences in /ones 
are com[)ensated by altitude. Thus the northern pine is generally regarded as 
belonging to North Europe ; in Northern Norway it grows at a height of 700 ft. 
above sea-level and 6500 ft. on the Sierra Nevada of Southern Sj)ain. This 
feature of timber growth is further dealt with in Chart II. 
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CHART I SHOWING BOTANICAL AND COMMFRCIAL CLASSIFICATION 
OF SO ML TIMBFRS. 


Hotanii.al Ordtr 

Common Name 

Commercial 

Clashificaiion 

ItolaiiKat 
Clas afiialion 

Geographical Bislribution. 

Mtliacc^e 

Mahogany : 
Cuba, 
Spanish, 
Honduras. 

Hardwood. 

Hardwood, 
Broad leaf. 

British Honduras, 

West Indies, 

Nicaragua. 

Taxine.t 

• Yew. 

Hardwood. 

Softwood, 
Needle leaf. 

Europe generally. 
Northern and Western 
Asia, and North Ali ica, 
California, and Japan. 

CupuliferiL- . 

Btccli. 

Hardwood. 

Hardwood, 
Broad leaf. 

F.urope generally, 
America, 

Canada. 

Fopulus 

Foplar. 

Softwood. 

Softwood, 
Broad leaf. 

P'urope generally, 

North America, 

Northern Asia, 

Northern Africa. 

Finus . 

Yellow Pine. 

Soltworxl. 

Softwood, 
Needle leal. 

North America. 

Magnoliace.e 

American 

Whiteuood. 

Softwood. 

Hardwood, 
Broad leaf. 

ICastern North 

America. 

Juglandaceoi 

Black 

Walnut. 

Hardwood. 

Hardwood, 
Broad leaf. 

Eastern North 
.\merica. 

Cupuliferie . 

Oak, 

Hardwood. 

Hardwood, 
Broad leal. 

Emrope and the world 
generally. 


CHART 11 ILLUSTRATING EFFFCT OF CLIMATIC CONDITIONS ON THE 
GROWTH OF TIMBER TRl'ES. 


Oidrr 

Range of 

1 emperature 
bciween 
bothcrins 

Common 

Name 

Botanical 
'i cim 

(leographual 
Location 
(R.nigc N to S ) 

Approx 
Altitude 
abo\e 
Sca-lc\ el 

/one 

Conilerte, 


Northern 

Pine. 

Pinus 

Sylvestris. 

Northern Norway. 
Southern Spam, 
Etna. 

3CKK) ft. 
5600 ft. 
7000 ft. 

North 

Temperate. 

Cupuhferiv 

40“ '20® 

Beech. 

Fagus 

Sylvatica. 

64® N., Northern 
Eui0| e. 

Balkans, 42® N. 
America. | 

Plains. 

2000 ft. 

North 

Temperate. 

Meliaceae, 

10® 

Mahogany. 

Sw'ietenia 

Mahagoni. 

Central America. 
Antilles. 

W'est Indies. 

1500 ft. 

Sub- 

Tropical. 

Salicancar. 

40® 30® 

Poplar. 

Populus 

Nigra. 

Central to Sou- 
thern Europe. 

In Scotland. 

1500 ft 

Noith 

Temperate. 
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Reference to the above chart will show graphicilly tlie general distribnlion 
of some timbers, and illustrate the fact that most timl)ers are largely affei ted by 
particular climatic conditions. The quality of the soil is another important factor, 
the rich soils and humid atm«>spfiere of tropical countries producing ver)*hard, 
slow-grow ing, and well-figured and m irked woods, whilst the tern]) ‘rate i lim ites .ir*; 
favourable to the growth of nuxleratel) rapid-growing timber trees, which are, how- 
ever, not so richly marked —with the evr eptkin of the oak — nor so hard m texture 
as the former. The situation of timber trees is another imjiortanl i.ictor aflecting 
the (|uality of the wood, swampv land generally prodm ing softer material, wliilst 
ri( h soils, and especially those of tropical and sub-tropuMl^ countries, produce 
hard, close grained and ri< hly grained woods. 'This gciKTal princqile is especially 
ap[)licable to trees iK’longing to the s.imc order, as, for instance, I loiidui.is mahog- 
any, which ranges Irom very soft to moderati'ly hard milerial. The till, slender, 
and straight growth of trees in closely wooded land is a f.imihai feature, favouring 
an upward growth, and acting against a profier devcloiuiu nt of the hram lies. 
Those grown in open situations display (he full eharacteristu s of tlu- tree to best 
advantage, as seen in our oaks, ashes, and elms. 'I'hc (piahty of timber and its 
value fiom a eommcK ial standpoint is also directly alfec ted by its siiu.iturn. If 
ex|)o^ed to high winds an erratic growth is characteristic, and thi' wood cxliihits 
considerably twisted grain, atTeclmg its slrengtli when submitted to tensile strain 
or compression. For this reason also braneh-wood is not favourably rcgardc(l 
from a woodworker’s standpoint. Australian timbers afford <in inti^resting study 
relative to the effect of situation upon (juality and growth. Tlu^ sub tropic.il 
jungle forests with lieav) undergrow 'i and humid almos|)herc favour the growth 
of numerous grasses and palms in addition to trees of cxccqitional hardness, rii li- 
ness of colouring, and beauty of grain, iiu luding silky oak and Austr.ilian tulip- 
wood ; whilst ttie ironstone ridge belts in Western Austiali.i favour the growth 
of a remarkably strong, though coarse timber, i.e. jarrab. 'I'he more tem[)crate 
climate of New Zealand conduces to the growth of moderately hard timber, such 
as New Zealand or kauri pine. 

Identification of Hard and Soft Woods : (i) By Transverse Sec- 
tion. — Coniferous timbers, such as the pines, exhibit clearly defined annual rings, 
the autumn growth being darker in colour than the inner ring or spring growth. 
'Fhere are no visible pores on a transverse section of the wood, liut jiilh rays can 
be discerned under a gcjod glass, very fine and numerous. I lard w’oods have dis- 
tinct pores visible to the naked eye. Whcai examined on transverse- sectujo, viewed 
under a microscope, these pores show definite groupings and geometrical arrange- 
ments in various timbers, the spring group showing best. Oak and b.-ech 
afford interesting studies of this feature and of the pith and medullary rays which 
show as lines radiating from the medulla or pith. This is a general characteristic 
of many hard woods, and when cut, they constitute the silver grain, or figure, so 
valued in oak, and apparent in beech, although less conspicuous. Cienerally, 
botanical soft w’oods have no pronounced figure or markings, but there are excep- 
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tions, such as the yew, especially the burrs of this tree. For further study of this 
absorbing subject, the reader is recommended to various standard works on 
timber and trees given in the Bibliography at the end of the book. 

(i) By Leaves. — Soft woods, such as the pines, firs, spruces, larches, and 
cedars, have needle-pointed leaves growing in small bunches or groups. Botani- 
cally also all coniferous trees are classed as soft woods, the cones being the 
medium of reproduction. * 

'Fhe leaf of the elm — a hardwood tree — has the edge serrated, and the leaves 
are arranged five upon a stem, ddii ash has a more pointed leaf, growing thirteen 
upon a stem, whilst the lime, alder, sycamore, beech, oik, cherry, etc., have 
each distinctive leaves, varying in shape and in their growth from a stem or twig. 
Some are spaced exactly oppodte each other on the stem with a terminal leaflet 
as m the ash, whilst the birch, for example, exhibits an alternate spacing of the 
leaves on the stem at erjual distances one from the other. 

'Fhe study of floweis and seeds is also a fascinating pursuit. Flowers, male 
and female, fruit and seeds, ranging from the comjilicatcd reproductive process 
of coniferous trees to the simpler process of germination from seeds contained in 
an edible fruit, such us the apple, cherry, almond, etc., and the seeds contained in 
husks and shells, such as the horse-chestnut, acorn, and walnut, are from the in- 
structor’s stand[)oint at least, of especial inteiest for object lessons, introduced 
at intervals alternating with object lessons on familiar objects, tools, and proce-ises. 
A few are suggested at the end of this chapter. 

As is shown in the preceding chart, differences of latitude are compensated 
for by differences of altitude, countries near the equator fre(]ucntly growing 
species of trees and other botanical growths at certain altitudes characteristic of 
northern latitudes. A typical example is the northern pine, which flourishes 
in Norway, Sweden, and Northern Europe generally, and also on the Sierra Nevada, 
Spain, the mean temperature for the year being almost identical in both cases. 
It docs not, of course, necessarily follow that exactly similar growths will be found 
in places far apart with a similar mean yearly temperature, but the number of 
examples is at least striking. 

With regard to differences of location, Mr. Dryer says: “The distance to 
which any species of plant may extend towards the poles, up a mountain side, or 
into any relatively cold region, depends upon the length and average temperature 
of the growing season. The distance to which any species of plant may extend 
towards the equator, or into any relatively hot region, depends upon the average 
temperature of a period about six weeks at the hottest time of the year.” 

'Frees adapt themselves to conditions partly by variations of leaf surfaces; 
thus “ deciduous ” or leaf-shedding trees, including the beech, oak, plane, and 
sycamore, have broad horizontal leaves with a thin epidermis or skin which per- 
mits the miximum working power, viz. sustaining and nourishing the tree — 
whilst the growing season lasts, by exposure to the air. 

Pines, on the other hand, with their spiky, needle-pointed leaves are 
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peculiarly adapted to resist drought, by virtue of the small aggregate leaf surface 
exposed. In tropical countries atmospheric evaporation is a considerable factor; 
the majority of the growths are evergreen, and new leaves appear before the old 
ones tfre shed in order to sustain the supply of nourishment to the tree. 

The Growth of an Oak-tree. — An object lesson on the growth of an oak- 
tree could be given witli the aid of large chari'oal diagrams made preferably from 
the actual tiee, lea\es, et<' , or from tlk3 drawings m Figs. 1 and 2 of this chapter. 
It will be reiddy scaai that any number of lamiliar trees could be dealt with in 
tills way, the oak, asli, plane, apple, and walniit-tiees leadily lending themselves 
to efftM tive demonstration, f'or tlu' pur()o,e of object lessons, too much scientific 
data is not advis.ible, the chief aim is to arouse interest in botanical growths by 
indicating th(‘ main features of limber growth. 'Fhe following data are suggested 
foi a speiMineti object lesson, lasting some twenty or thirty minutes, the illustra- 
tions Ix'ing juepared, as previously suggested, with chareoal on large sheets of 
while piper. I o [ireservc* these drawings for future use, they should be sprayed 
with a fixative and mounted upon millboards. 

On J'lg. 1 are shown various drawings illustrating some of the main character- 
istics of growth in oak-tr(*es. An ae oin is shown just after bursting with the 
sncdl shoot coming towards the light, this of course occurring in the s[)ring of 
the year, d'lie next diagram shows the second stage with the shoot turned down- 
wards in search of moisture and nourishment. In the third diagram the leaf 
shout IS illuslr.ite'd, and coincident with this, the root has increased in size and 
also m the luimheu of sm.dl or secondaiy ror)ts, which act as feeders to the mam 
root. 'J'he fouith stage, drawn from an actual sper'imen, shows main roots 
see'ondary and hair loots, each one of the* fitter feeding the secondaiy roots and 
by me.ins ol tlu'in the parent root. As the tree increases in age and si/e, the roots 
spread over a nuu'h larger surface in order to .satisfy the increasing deanands of 
the small tree. 'I’he woody substance is formed l)y the ascending juices in the 
spring growth, some of these being deposited uj)on the stem. The rising sap, 
or natural juices, finally reaches the branches and twigs, causing the buds to ap- 
pear and finally burst into leaf, and in some cases flower. During the summer 
season the roots are constantly extending themselves in search of natural salts and 
elements, which are in tuin conveyed through the various parts of the tree to 
the flowers and later to the fruit. The oak, it should be noted, has no bright 
definite flower^ — unlike most other seed-bearing trees. During the autumn after 
the fruit or seeds are mature a letiirn of the sap and natural juices in a different 
form takes place; those have changed in some degree by atmospheric condi- 
tions and return in a less iKpiid form, forming a thick autumn layer of wood in 
their downward course. This can be clearly seen in most woods, darker in 
colour than the spring layer of the annual ring. Chaiacteristic of the oak is “ its 
system of extension,” otherwise knowui as “ lamification ”. New growths appear 
at right angles to existing twigs, hence the oak branches, practically at right angles 
to the parent growth, as shown in various diagrams in Fig. 2. 'I'he oak is 
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peculiarly' liable to foreign growths, such as “cluster galls,” shown in Fig. 2 , 
oak apples, and curnnt galls, these being illustrated in Rig. 2. 

Suggestions for object lessons on trees, etc. : — 

1. (Jeneral characteristics of timber trees 

Soft woods and hard woods. Introducing needle-pointed and broad 
leaves. 

2. The growth of a tree from a seed : — 

(^i) Pine. 

(/)) Oak (see also Figs. 1 and 2 ). 

3. Identification of trees from their barks. , 

4. „ „ „ leaves. 

5. „ M 

( in summer. 

C>. „ „ „ «ener,.lomlMv.s 

7. Commercial value and uses of some luiglish trees. — 

((-r) 'Fhe oak. 

{/>) 'Phe beech, 

. (c) 'The apple. 

{(/) d’hc cherry. 

8 The seasoning of limber : — 

{(i) Water seasoning. 

(/») Natural seasoning. 

(r) Second seasoning. 

• {(f) Desiccation or kili^, diying. 

9. TJie conversion of timber : — 

{(i) Felling. 

(f) Lumbering. 

(c) Shipment of timber. 

{(f) Cutting mill, machine and hand. 

10. By-products of limber : — 

(iz) Charcoal. 

(//) Tanning bark. 

(c) Natural oils — turpentine, resins, etc. : — > 

{(f) Paper pulp from timber. 

(c) Gum, rubber, etc., extraction of. 

1 1. d'he formation of wood illustrated by the growth of. — 

{a) The plant. 

{f) 'Phe sapling. 

(c) The tree. 

12. (Geographical distribution of timber 
{a) Australia. 

{d) Russia. 

{c) United States. 

{(f) England. 
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Shown by graph or chart illustrating ratio. 

13. Trees as decorative media: — 

Box, holly, etc. 

‘ 14. Afforestation and re-afTorestation. Need for, and statistics of colonies 
and foreign countries. 

15. Effect of climatic conditions upon the growth of timber. 

Timbers peculiar to certain zones. 

,, „ „ countries. 

16. Leaves and their function. 

The pine needle leaf. 

Deciduous timber. 

Tro[)ical growths. 

Mother of Pearl, Japanese, and Blue Pearl are materials obtained 
from the shell of the pearl oyster, the former kind being so named because of 
its relation to the “ pearl ” which forms inside the shell and is almost detached 
from it. Pearl shell is composed of numerous layers of a crystalline carbonate 
of lime with but little animal matter. It is exceedingly hard and of a peculiarly 
lustrous colour. The best kinds of pearl oysters arc found in the Indian Ocean, 
Red Sea, Gulf of California, etc., and Ceylon, where pearl fishing has been 
c.arried on for centuries. Accoiding to authorities on this subject, the pearl is 
produced by a small piece of grit or irritant entering the shell, which in time 
becomes covered with a secretion, forming a beautifully coloured stone-like gem 
of an oval shape. It was not until recent years that pearl shells were dealt in to 
any extent commercially ; they were usually discarded after being opened, and the 
shores of some parts were strewn w'iHi these many feet deef). Now, however, 
they are an important branch of pearl fishing owing to the demand for pearl 
buttons, fancy articles, and inlaying material. For commercial purposes thick, 
good-coloured shells are much sought after. Important i)earl fisheries lie to the 
North of Australia, the shells in that part being particularly suitable for com- 
mercial needs. 

Ivory, the product of elephant tusks, is a beautiful material of peculiar 
milky colour used extensively for decorative purposes and especially for knife 
handles. An inferior substitute is walrus tusk, much used in place of the better 
and more costly material. Ivory in decorative woodwork is used chiefly in 
veneers, these being sawn by machinery. It can be rendered plastic by immer- 
sion in diluted acids which makes it transparent. The original colour can, how- 
ever, be restored by a similar process. Old Italian craftwork shows fine examples 
of ivory inlay ; it is most successful when used in small pieces with some woods 
as mosaic patterns. It can be fairly easily worked by means of saws, files, and 
glasspaper. 

Tortoise-shell is a beautifully marked and coloured material from the 
shell of the tortoise. It is extensively used in fancy and ornamental turnery and 
cabinet work. Boulc woik of the Louis XV period is especially notable for the 
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ornamental use of tortoise-shell. Added decorative efi'ect is produced by painting 
the underside a vermilion colour, this showing through the lighter parts. 'Fhe 
underside may also be gilded, by which means added brilliance of efToct is 
obtained, 'rortoise-shell can be advantageou'^ly employed in large masses, ‘which 
is not the case v\ith i\ory and pearl. It should not be joined with S(}iiare butt 
joints when connecting thin pieces, but spliced together, which effects a neater 
junction. . 

MKTAI5.' 


'I'he word “metal*' is deiived from the (luck word "metallon ” whuh 
means a pit or a min(‘, whence we get “ metal’’. 'i'eclfnically it is a term 
applied to a number oi eleim ntary substances whu h possess, geneially, certain 
well-defined characteristics, such as lustie, malleability, ductility, and fusibility. 

"1 he broad definition of a “metal” is as follows: A solid ojxujue body, 
possessing a peculiar lustre, fusibility, and conductivity. 

those w’hich are most frequently employed m commerce and the .irts are as 
follows : — 


Common Xamc. 

I Alt in Xam(\ 

Symbol. 

Aluminium. 


Al 

Antimony. 

Stibium 

Sb 

bismuth. 


Hi. 

(Jadmmm. 


Cd. 

Chromium. 


Cr. 

(.’obalt. 


(' 0 . 

( Copper. 

Cuprum. 

Cii. 

Cold. 

Allium. 

All. 

Iridium. 


Ir. 

Iron. 

Ferrum. 

Fe. 

I >ead\ 

Plumbum 

ri). 

Magnesium. 


Mg. 

Manganese. 


Mil 

Mercury. 

I lydrargyrum 

Hg. 

Nickel. 


Ni. 

Osmium. 


Os. 

Palladium. 


Pd. 

Platinum, 


Pt. 

Silver. 

Argentum. 

Ag. 

Tantalum. 


Fa. 

Tin. 

Stannum. 

Sn. 

Tungsten. 

Wolframium. 

W. 

Zinc 


Zn. 


’ In the workshop the name “ metal ” is applied to both the pure metals and the alloys, 
and It is so used in these pages. 
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ALLOYS. 


When two or more metals arc caused permanently to unite the resulting 
mixture is called an A//oy. The term is also used for similar mixtures of metals and 
non-metals, such as iron and carbon = steel, d'he melting-point of an alloy is 
usually below that of the most easily fusible constituent. 

Amalgam. — When mercury is one of the metals the mixture is generally 
known as an amalgam. 

It is not necessary in this work to give the names of all the known alloys, as 
many of them are made for a special |)urposc or industry, and as these purposes 
are as varied as thejuimbiT of alloys it is possible to make, and new combina- 
tions of metals are continually being invented, only the more common ones will 
be dealt with. 


'rhe following table gives the alloy and its composition : — 
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rilL CHARACrLRlSTlCS Oh' MKl'Al.S AND ALLOYS. 

It IS their weight, lustre, malleability, conductivity, tenacity, ductility, fusi- 
bility, power of solidifying, hirdness, and softness that make the metals so ex- 
tremely useful. A short account of their properties is given below. 

Weight. — It is not necessary to explain what is meant by the weight of a 
> All alloys v.ary within certain limits, but the above may be taken as typical. 


Tungsten 



PROPERTIES OF METALS. 
Relative Positions in Descending Order. 
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metal. But a useful figure in connexion with calculation of weights is the “ Specific 
(Iravit^ ” or “ Relaiive Density 'I’his figure expresses the number of times 
any given volume of metal is heavier than an ertual volume of water. For the 
exact conditions under which the com[)arison is made the reader is referred to a 
textbook of physics. Suffice it here to point out that when we say the relative 
density of iron or lead is 7*4 or 1 13 we mean iron is 7*4 and lead 11*3 times as 
heavy as water. An example is given of the use of thi^ figure in calculating 

weight. It must be remembered that a cubic foot of water weighs 1000 oz. or 

62^ lb. (iK.'arly). 'An iron plate 6 x 4 ft. x i in. has in it 72 x 48 x i 

cub. in., i.e. “ ^ ~ 2 cub. ft. This would weigh 2000 oz. or 125 lb. 

1728 

if it were water, and therefore since it is iron 125 x 7*4 = 925 lb. 

If it had been lead the weight would have been 125 x 11*3. The same 
plate of cast steel would have weighed 125 x 7-8. See table on [). 125. 

Lustre. — I'he [lower of reflecting the rays of light is possessed in a much 
higher degree by metals than by non-metallic substances. I'he metals and alloys 
which exhibit the greatest lustre for the longest time are those which ^ are not 
quickly attacked by the oxygen and carbonic acid in the air and are sufficiently 
hard to receive a high polish, (lold and platinum have considerable lustre, be- 
cause though not very hard they are not affected by the constituents of the at- 
mosphere. Metals when highly pplished are less easily tarnished because gases 
have then less tendency to condense on their surfaces. 

Malleability is the property of being able to be beaten out by hammering, 
or the possessing of an internal mobility by which the shape may be altered by 
pressure without cracking or breaking. The malleability of a metal is affected 
by the temperature of the metal at the time of the hammering or working, also 
by the structure of the metal itself, or what is termed its “ molecular condition 
For example, a piece of gold or copper which has been hammered a great deal 
becomes hard or brittle, and if the hammering is continued it will eventually 
crack. But it will, however, regain its malleability on being heated to a certain 
degree ; this healing is called annealing. The method of cooling is also impor- 
tant, as copper may be cooled from a red heat by being plunged into water, but 
steel by this method would become very hard, and to be softened steel must be 
heated to a red heat and then cooled very gradually. The crystalline or non- 
crystalline structure of the metal is also a factor to be considered. When crystal- 
line a metal is not very malleable, but all malleable metals become hardened by 
hammering or working, so that they have to be annealed during the process of 
manufacture. A fibrous metal is generally very malleable and tenacious. 

Some metals undergo changes of structure in process of time. Brass wire 
becomes brittle when kept in a state of tension, or in a damp storeroom ; wrought- 
iron chains used in carrying loads have occasionally to be annealed to restore 
their malleability, as by the constant strain they become crystalline. Gold 
when hammered out into the form known as gold leaf is of an 
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inch in thickness, and is semi -traitspa rent, showing a green colour by t^an^miltcd 
light. 

Conductivity is a power that metals possess of conducting IumI and 
electricity. Metals that are the Ix-'st conductors of heat are also the best con- 
ductors of electricity, and in both cases the con<,lucii\ ity is seriousl) impaired by 
the presence of even small (puntiiies of olhtr metals or impurities. 

Tenacity is the [iroperty which enables a metal to withstand rupture by 
(lulling, 'riie innuence of imjiurities in metals^upon their tenacity is very vari- 
able. 'i'he enormous iiu rease in tenacity produced by comlvning a sm.dl pro- 
portion of carbon with non is well known, and may be contrasted with the 
rclali\ely greater reduiiion in strengili (.ms»(l by a traie of bismuth in 
gold. 

Ductility is the projierty of being ablt‘ to be drawn out into liiu* wiie or 
tubing. 'I'he ductility ol metals is not in the evact ratio ol their m.ilK.ibihty ; 
thus iron is very ductile and can be drawn into very line wire, but it cannot, 
except in a very pure state, be rolled into such thin sheets as either copper or 
tin. 

Fusibility is the property of l)ecomitig liipiid when heated. Although the 
proptTty of becoming lic^uid at high temperatures is not confined to the metals. 
It is one of those (jualities which contribute very largely to their utility, for it 
enables the founder to produce a large number of objects from a given pattern, 
w’lth only a small expenditure of time and labour. It also offers to the worker in 
metals a ready means of joining togcOier in aduiable manner the separate pieces 
of his work. 

Solidification.— All metals solidify after fusion, and the tempeiature at 
which they change from the lii|uid to the solid state is known as the “ freezing- 
(loiiU Alloys in solidifying very often alter, as the heavier constituent separates, 
and conse(|uently a metal is obtained which is not uniform in structure. It may 
be taken as a general rule that the melting-point of an alloy is below that of its 
most fusible constituent. 

Contraction. — Nearly all metals contract in cooling. So when making 
(^tterns for articles that have to be cast, allowance must be made for the con- 
traction or shrinkage ; this depends to a large extent on their form and the dis- 
tribution of the metal. Sand cores have a tendency to retard shrinkage ; 
cylindrical or box-shaped articles shrink more in their length than in their 
diameter. The approximate contraction of various metals is as follows : 

Aluminium 
Bismuth , 

Brass, “ heavy ” . 

Brass, “ light ” . 

Bronze 
Copper 


in. per foot 



.I’j »> >» 

Irt It n 

7 

»> ’• 
16 >» '» 
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Iron, cast 
^ Iron, wrought . 
Lead 


Steel “ castings " 

dm. . . . 

/me 


in. per foot 

1 

•• » 
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Irt M >» 
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1 » ' » > 

1 

4 i» ji 

.-i 

lA >» M 


Hardness. — This is a relati\e term, and is the resistance olTered by the 
molecules of a metal to their separation by the penetrating action of another 
body, and is aflei tlal considerably by the presence of impurities. The presence 
of another metal often tends to increase both the brittleness and hardness. 

Softness. — 'Lhis is also a relative term, but in many instances is a test of 
purity. 

Aluminium.— A bluish-white but somewhat soft metal, very malleable, and 
takes a good polish, ("an be cleaned by immersion in caustic potash and soda ; 
unaffected by exposure to the atmosphere. Annealed only at a low tem[ierature. 
Difficult to solder owing to insolubility of oxide, but can be welded by means of 
the oxy-acelylene blow pipe. There are many patent .solders for soldering this 
metal. 

Aluminium Bronze.— An alloy the colour of gold, is fairly malleable, and 
can be forged at a red heat ; takes a beautiful polish if burnished. Cleaned by 
immersion in dipping acid ; goc's-a rich brown when exposed to llie atmosphere. 
Annealed by bringing to a bright red heat, cooling in air to a red, then plunging 
into water. Can be soft soldered after joint has been coppered by dipping in 
copper sulphate and touched with an iron rod, silver soldered, or brazed. 

Antimony. — A bluish-white metal, very brittle; expands on solidifying. 
Used largely for type metal and alloying with other metals to give fine and sharp 
castings. A slight tap with a hammer will break an ingot of antimony, and the 
broken surface exhibits large shining facets. 

Bismuth. — A pinkish-white metal, brittle, very diamagnetic ; expands on 
solidifying. Used for alloying with other metals to lower the melting-point. 
Pewterer’s solder, which is very fusible, is composed of lead, tin, and bismuth. 

Brass. — A yellow metal, very malleable ; takes a fine polish, (.'leaned by 
immersion in dipping acid ; turns black and green on exposure to atmosphere. 
Can be annealed by bringing slowly to a red heat and leaving to cool slowly in 
air ; will break if moved when at a red heat. Can be soft soldered, silver soldered, 
brazed, and welded by the oxy-acctylene blowpipe. 

Britannia Metal. — A nearly white metal, very malleable ; takes a fine polish, 
and can be cleaned by immersion in strong soda or potash ; darkens a very little 
on exposure to the atmospiiere. Annealed by bringing to a temperature just 
above boiling water. Can only be soft soldered. 

' Although wrought iron is not cast, it contracts to about this extent after having been 
heated to a bright red. Some metals expand on cooling, and some nickel steel alloys neither 
contract nor expand by heating. 
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Bronze. — An allo\ of a rich brown colour, malleable ; takc'^ a high polish. 
Can be cleaned by immersion in di|)j)ing acid ; goes a dvirk brown and eventually 
green on exposure to atmosphere Can be annealed by bunging carefully to^i red 
heat and cooling slowly in air. Can be soft soldered, silvc'r soldered, and 
bra/ed. 

Cadmium. — A white metal with bluish tinge, soft Not used laigel) for 
manufacturing purposes. Forms a component of one of the most fusible .1 Hon s, 1 e. 
\Vood’s alloys ; it is also alloyed with silver for electroplating. 

Chromium, — A hard white metal very dilhcult to fuse. Ustal mostl\ for 
alloying with steel. Com])aratively rare. • 

Cobalt.— A bluish-white metal, malleable, ductile, and lenai lous , t.ik( s 
a high }X)lish ; unafTected by the atmosphere. Used in electroplating, seldom usetl 
in the manufacturing arts. 

Copper. — A red metal, very malleable ; takes a high jiolish, and can be 
cleaned by immersion in di[)ping acid; turns black and eventually giecui on 
exposure to the atmosphere. Can be annealed by bringing to .1 red heat and 
quenching in water, and can be soft soldered, silver soldered, bra/ed, and welded 
by the oxy-acetylcne blowpipe. 

Delta Metal,— A yellow malleable alloy; takes a line jiolish. (’an be 
cleaned by immersion in dipping acid ; does not tarnish in moist air. ('an be 
annealed by bringing to a red heat and cooling in air. ('an be soft soldeied, silver 
soldered, and brazed; can be forged at a red heat and is non-magnelic. Used 
largely in shipbuilding and marine engineering. Can be extiuded. 

Dutch Metal. — A l)right yellow very malleable alloy ; takes a high polish, 
and can be cleaned by immersion in dipping acid ; turns black by exposure to 
the atmosphere. Can be annealed by bringing to a red heat and cooling m air. 
Can be soft soldered, silver soldered, and brazed. Used largely for imitation 
gilding, either in leaf or powder. Can be easily distinguished from re;il gold, as it 
is readily soluble in nitric acid. 

German Silver. — A white or yellowish-white malleable alloy ; lakes a high 
polish. Can be cleaned by immersion in nitric acid and water and then in dipping 
acid, but tarnishes on exposure to the atmosphere. Can be annealed by bringing 
to a red heat and cooling in air. Can be soft-soldered, silver soldered, and 
brazed. Has a high electrioil resistance. 

Gilding Metal. — A light brown alloy. Used largely for articles that arc 
afterwards gilt. Similar in properties to Dutch metal but not quite so malleable. 

Gold. — A bright yellow metal extremely malleable ; takes a bright polish, 
and is cleaned by immersion in a dip consisting of 2 parts by weight of hydro- 
chloric acid and i part of nitric acid; this is called “aejua regia Gold is not 
affected by the atmosphere. Can be annealed by bringing to a red heat and cool- 
ing in the air; must not be moved when at a red heat as it is liable to break. 
Can be soft soldered, and silver or gold soldered. 

Gunmetal. — A light brown alloy. Generally u.sed in the form of castings ; 
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takes a high polish. Can be cleaned by immersion in dipping acid ; turns black by 
exposure to air. Is annealed by bringing to a red heat and cooling in air. May 
be seft soldered, silver soldered, and brazed. Used largely for engineering 
purposes. Gilding metal matches this in colour, and can be bought in sheets, 
rods, etc. 

Iridium. — A very hard, white, brittle metal, is very rare and difficult to 
fuse. Used mostly for scientific apparatus, and for objects to withstand very high 
temperatures. Cannot be crushed. 

Iron, Wrought. — A greyish-white metal, malleable at all temperatures ; 
takes a good polish. The scale can be removed by immersion in sulphuric acid 
I part, water 1 5 parts ; rusts on exposure to the atmosphere and is eventu- 
ally destroyed. Is annealed by bringing to a red heat and cooling in water. 
May be soft soldered, silver soldered, brazed, and welded either by the blacksmith’s 
method or by the oxy-acetylene method ; the former is the stronger. 

Iron, Cast. — A grey metal very brittle and hard. Used only in the form of 
castings, is really the crude iron used largely for machinery. When cast iron is 
deprived of some of its carbon, thereby leaving it much softer and less brittle, it is 
called “ malleable cast iron,” and in this form it is often used instead of forgings, 
as it is cheaper. 

Lead. — A grey malleable metal, very soft, marks paper; can only be brought 
to a dull polish. Should be cleaned by scraping or caustic soda ; darkens slightly 
on exposure to the atmosphere, but after this it is permanent and no further 
change takes place. Is annealed by raising to the temperature of boiling 
water. May be soft soldered ; is often joined by what is known as autogenous 
soldering or burning, especially for vessels used in chemical work. Wire and 
pipes can be made of lead by extrusion, sc^uirting, or pressure. 

Magnesium. — A silvery white metal. Burns with a very bright flame when 
heated. Used largely in pyrotechny and photography in the form of powder or 
ribbon ; in the latter form it will light by the aid of a match. It is readily soluble 
in dilute hydrochloric acid and in dilute sulphuric acid. 

Manganese. — A grey metal with a reddish tinge, very brittle. Used mostly 
for alloying with iron, copper, and nickel in the manufacture of very hard steel 
and mild steel ; has the elTect of toughening and generally improves the quality. 
Manganese is not usually used pure but in the form known as ferro-manganese. 

Manganese Bronze. — A light brown alloy which takes a high polish and 
is malleable ; sometimes called white bronze. Is cleaned by immersion in dip- 
ping acid ; is not corroded by the action of sea-water. May be soft soldered, silver 
soldered, and brazed. Used largely for screw propellers and marine engineering 
owing to its great transverse strength, toughness, hardness, and the facility with 
which it can be cast sound. It is equal in strength to mild steel, and can be 
worked either hot or cold, but should be forged at a cherry-red heat. 

Manganese Steel. — A greyish white metal; takes a good polish. Very 
strong and tough ; toughness is improved by quenching in water from a white 
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heat. Cannot be hardened like tool steel or welded ; all shapmj; >hould he done 
while hot. Makes sound oistings but contracts considerably. 

Mercury or Quicksilver. — A silvery white metal, liquid at ordinary*tein- 
peratures. Used in making amalgams and in scientifio instruments. 

Mild Steel.-A gieyish-white metal, very malleable hot or lold, easily 
welded and forged into shape while hot ; takes a good polish ('annot bo 
hardened or tempered like tool steel. Stronger than wrought iron, whii h it is 
gradually superseding for constructional purposes, ('an be soft soldered, silver 
soldered, brazed, and welded either by the blacksmith’s method 01 by the 
oxy-acetylene method ; the former is the stronger. 

Muntz Metal. — So allied after the patentee, Sir (b F. .Muntz of Hiiining- 
ham. Railly it is a malleable brass ; takes a high polish. May be cleaiuai by im- 
mersion in dipping acid, and can he annealed and soldered like brass It is 
sometimes called yellow metal sheathing, as it was used largely for covering the 
bottoms of wooden ships ; it is now used for condenser tubes and marine wotk, as 
it is not afTected by sea- water to any great extent, (lin be forged at a red heat. 

Nickel Steel. — A special steel of a white colour; has a lilirous structure ; 
takes a high polish. Very strong, tough, has great powei of lesisting shocks, and 
has a higher elastic limit than carbon steel, and is not corroded so quickly by sea 
water. Can be welded if the proportion of nickel is not more than threi' per 
cent. Used largely for armour plates and crank shafts. 

Nickel. — A brilliant white metal, malleable, ductile, tenacious, and can lie 
welded; lakes a high polish. Docs not readily discolour on exjiosure to the 
atmosphere. Is cleaned by immersion in dilute nitric acid. Usc'd largely 
as an alloy to produce a number of varieties of white metals which go under 
different names, but are mostly similar toCerman silver. It is also used largely 
in electroplating. 

Ormolu. — The same as brass in all respects. 

Osmium. — A bluish-white metal, very rare. Infusible except in the electric 
furnace. Used for filaments of electric lamps and alloyed with iridium for the 
points of gold pens. 

Pewter. — A grey metal, very soft and malleable; takes a dull polish 
Cleaned by polishing with some abrasive substance; turns a trifle darker but 
otherwise unaffected by the atmosphere. Can be soldered with a special solder 
which has a low fusing-point. 

Phosphor Bronze. — A light brown metal ; takes a high polish. On be 
cleaned by immersion in dipping acid. (Jan be soft soldered, silver soldered, and 
brazed. Used largely for engineering purposes, mostly cast work ; does not 
become crystalline under repeated shocks or jars ; resists corrosion by sea-water, 
and it is difficult to obtain a spark from it, consequently it is used in the factories 
where explosives are made. 

Palladium. — A white metal, very rare, untarnishable. Used in the manu- 
facture of scientific instruments. 
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Platinum. — A white metal, very malleable; takes a high polish, unaffected 
ly the atmosphere ; coefficient of expansion the same as that of glass. It can 
nly be dissolved in aqua regia; unaffected by single acids. It is used for the 
ilaments in incandescent lamps and high temperature work in chemical processes. 
>n be welded at a red heat. 

Silver. — 'rhe most perfect' white of any metal; takes a high polish, very 
malleable. Cleaned by immersion in dilute sulphuric acid or in a solution of 
potassium cyanide and water ; turns blue-black on exposure to the atmosphere, 
but is not corroded. Can be annealed by bringing to a dull red heat and cooling 
in air. May be soft soldered and silver soldered. 

Silver Solder. — A white metal with a yellowish tinge. Used only for joining 
metals. Different grades have different melting-points, and vary in colour. 

Solder (tinman’s). — A white alloy. Used only for joining metals. By alter- 
ing the proportions or adding bismuth or cadmium it can be made fusible at 
various tem[^ratures. Used largely by tinsmiths and fused with the aid of a solder- 
ing iron, blow-lamp, bunsen burner, etc. Made in many qualities. 

Spelter (used in bra/ing). — Zinc is often called spelter. A yellow or white 
metal, usually in the form of grains of various sizes. Used for joining metals, fused 
with the aid of a blowpipe. 

Steels.—Scc pp. 172-174. 

Tantalum. — A white metal, very rare, malleable. Used mostly for the fila- 
ments of electric lamps. 

Tin.— A white metal, with a yellowish tinge, very malleable; takes a good 
polish, ("an be cleaned by immersion in hydrochloric acid and water. With 
care it m.iy be soft soldered. It is little affected by air at ordinary temperatures, 
and is therefore used largely for coating sheet iron to protect it from rust, 
as in culinary vessels. 

Tin Plate. — This is small thin sheets of wrought iron or mild steel, which 
have been annealed, pickled, scoured bright, and dipped in molten tin on the top 
of which there is a quantity of melted tallow so that the sheets of metal pass 
through the melted tallow before entering the molten tin. The tallow is a flux 
and causes the tin to adhere to the metal sheets. The metal is then passed 
through rollers which squeeze off the excess tin, and they are then dried in clean 
sawdust. 

Block tin, as it is called, or doubles, are iron or steel sheets that have been 
dipped twice, so having a thicker coat of tin on them, then planished with a 
polished hammer on a polished anvil. They are usually from 20-25 I.S.W.G. 

Terne plates, which are duller in appearance than tinned plates, are plates 
dipped in a mixture of lead and tin. 

The commercial names of tinned plates are very confusing, and the sizes 
vary. They are named by the size of the sheet, the quality, and thickness. For 
example, Common No. i is marked I.C. and the size is 14 x 10 in., and there are 
225 sheets in a box weighing 108 lb. ; the thickness is No. 30 I.S.W.G. Another 
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DXXXX, called four cross doubles, is No. 22 I.S.W.G. ; size of sheet is 1 7 x 1 2^ 
in., or 1 7 X 25 in. 

Tool Steel. — A greyish white metal, malleable, very strong and tough . 
takes a high polish. Can be cleaned by immersion in a mixture of nitric acid 
and lamp black. Oxidizes on exposure to the atmosphere. Is annealed by 
heating slowly to a dull red and cooling in,hot'sand or lime very giadii.dly. May 
be soft soldered, silver soldered, and brazed. With care can be welded. Some- 
times called crucible steel, cast steel, carbon tool steel. 

Tungsten. — A grey metal, very rare, very hard. Used for alloying with steel 
to produce what are known as self-hardening steels. 

Tungsten Steel.— A very hard steel. Used for cutting tools in engmeei mg 
shops. Can be forged at a red heat and is hardened by bringing cutting edges to 
a white melting heat and cooling in a cold blast of air. Cutting edges last much 
longer and do more work than carbon tool steels. 

Type Metal. — A grey metal, fairly soft. Used only for casting type for jirmt- 
ing ; expands on solidifying. 

Zinc. — Sometimes called speltei. A bluish metal, fairly malleable at 
certain temperatures; takes a fair polish. May be cleaned by immersion in 
equal parts of nitric and sulphuric acids. Is annealed by wanning with a 
bunsen burner, and can be soft soldered. Used largely for alloying with otlu r 
inetals and for the protection of iron from rust as in galvani/mg. 

THE EXTRACTION OF METALS. 

The extraction of metals from their ores is usually described as metalluigy, 
and metallurgical chemistry is a special branch of chemical science whu h is 
usually conducted on a large scale at high temperatures. 

Ores are generally mixed with earthy matters and often contain two or more 
metals in various forms up to a certain stage; they arc all treated m a similai 
manner, that is, the ores have to go through some preliminary processes such as 
crushing, washing, dressing, and roasting, before being smelted. Advantage is 
also taken of the properties which are inherent in each particular metal to assist 
in the extraction. The methods used are broadly classified under the following 
headings ; — 

Smelting. — By mixing the ore with a flux and sometimes with fuel in 
various kinds of furnaces, and raising it to a high temperature by means of a 
heated blast of air sufficient to reduce the ore to a liquid condition and then 
pouring it into moulds. 

The following metals can be extracted from their ores in this manner : 
copper, chromium, cobalt, lead, nickel, iron, magnesium, manganese, silver, 
tantalum, tin, tungsten. 

Liquation. — In this process a metal that liquefies at a low temperature is 
separated from a more infusible one by taking advantage of their different melting 
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or fusing-points, and the following metals can be obtained in this way : anti- 
mony, bismuth, lead, silver. 

Distillation. — By heating certain ores the solid metals are driven o(T in the 
form of vapour ; this is then condensed to a liquid or solid state. The following 
metals can l)e distilled from their ores : mercury, cadmium, zinc. 

Amalgamation. — This is Accomplished by bringing the ores into contact 
with mercury, which has an affinity for some metals. The resulting amalgam is 
then heated, which drives off the mercury in the form of vapour, leaving the 
metal behind. The following metals can be extracted in this way : gold, silver. 

Electrolytic Methods. — This is where the metals are produced by fusing 
the ores in an electric furnace; this is owing to the great heat required to bring 
the metal to a fluid condition. The following metals are extracted in this way : 
aluminium, magnesium, tantalum, tungsten, chromium. 

Wet Methods.— T he ores in this process are dissolved in various acids or 
salts and are then precipitated by the addition of another acid, salt, or gas. The 
following metals can be extracted by this method : nickel, cobalt, gold, palladium, 
platinum, silver. 

Lead and Zino Method. — By fusing the ore with lead or zinc, with which 
they combine, then heating the alloys so that the lead and zinc are either liquated 
or volatilized, leaving the metal behind in a spongy mass which is then smelted in 
a special furnace to refine it. It is then poured into a mould. The following 
are treated in this manner ; iridium, osmium, platinum. 





Imgs. I, 2, 3, and --Illustrations of various s> 'steins of projection. 
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CHAPTER XII 

DRAWING, DESIGN, LETTERING, ETC. 

APPLIED TO WOOD AND METAL WORK 

This chapter is intended to deal chiefly with the special a{)()lication of drawing 
to the practice of wood and metal work, and as an aid to the elTecli\e leaching 
and demonstrating ol the above subjects. It is presumed that a knowltdge of 
elementary practical plane and solid geometry, drawing from the c'ast (light and 
shade), freehand and model dra\sing has been acciuired. 'I'he spcci.il kinds of 
drawing necessary to pupiL when dealing with the subject of handcrall are as illus- 
trated on plate opposite. Fig. I shows a tee joint in orthographic projection, mean- 
ing right projection, from or//ios (right) and (an angle), or the geometric al 

representation of solids upon a plane surface in front and side elevation, and plan. 
The representation may be full si/e, as in the case of a working drawing, as to 
scale. The procedure is exactly the sime as in solid geometry. An elevation 
(see Fig. 1 ) is first drawn on an XY line, each point being numbered as n, andiF, 
Projectors are then dropped from these points below the XY line into the hori/on- 
tal plane. The line is next drawn, then the thickness lines aa and /Vc A side 
view' is jirojected as shown,, thus completing the three views recpiired of the 
object. The next system — called pictorial projection (see Fig. 2 ) — is a sim[ile 
method of obtaining an a[)proximately correct puTorial view of a given object. An 
elev.ition is first drawn as for orthographic [irojection, then lines are projected 
from the elevation at any convenient angle (30“ or 45' are most suitable), the 
real thickness of the object is divided, and one half is transferred to the thickness 
hoes. The points obtained are then joined u[) and the back surface is represented. 
It should be noted that the latter lines are always [)arallel to their corresponding 
lines in the face side. Fig. 3 represents oblicjue projection ; it differs from the 
former method only in one particular, viz. real lengths arc marked on the pro- 
jected lines instead of half-lengths. Angles of 30" and 45 ' are also suitable for 
this system. Compass lines and curves can be represented also w'hen occurring 
in a model, involving the use of ordinates or guide lines. It is a satisfactory 
method for representing joints, small models, and constructive detail, and ha.s the 
added advantage of showing three dimensions in a drawing, viz. length, width, 
and thickness. The use of the latter system is not recommended for large ob- 
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jccts, having the disadvantage of giving an unpleasant tilted-up effect to the 
drawing. Various details are shown in this work, drawn as described. 
Isomiitric projection, from isos and metric^ meaning equal measure, is par- 
ticularly well suited for the representation of architectural and woodworking 
objects, these usually being composed of right-angled solids, or with their ad- 
jacent planes at right angles 'Rhis system was invented by Professor Parish. 
The lines BA, DA, andCA constitute the isometric and all lines coincident 
with a parallel to these axes are drawn true length upon the picture. To repre- 
sent the front elevation of the tee piece in isometric projection, the width of the 
stem should be marked from the regulating point A. A perpendicular is then erected 
parallel to the axis DA ; the lines of the head are then drawn parallel to BA and 
DA respectively ; thickness lines of the object illustrated are drawn parallel to AC, 
then true lengths are marked upon them, and when connect(‘d they are of course 
parallel to the axis DA Curves, simple mouldings, and beveK may also be repre- 
sented. The uses and limitations of the latter system are similar to those of 
obli(}ue projection. Working Drawings constitute an important part of 
handcraft subjects ; they are really an extended application of the principles em- 
bodied in the first example, and reference to the drawing^^ in this book will 
suggest suitable arrangements of the views. Perspective is a branch of drawing 
knowledge based upon geometry, and it demands much study and practice in 
theoretical perspective shadow projection in order to become a proficient 
draughtsman. From the standpoint of teacher or student requiring perspective 
as an aid to efTective expression of ideas or for purposes of graphic demonstration, 
a strictly accurate method is not absolutely essential. Architects’ perspective is 
a much simpler system, and, although only approximately correct, it suffices for 
practical purposes. It may be divided into three kinds, of which the first is 
illustrated in Fig. 5 , which also shows the key to the system. The scale is first 
decided upon, and then the elevation, side view, and plan may be drawn. Next 
a ground line is drawn (see key diagram), then the height or eye line at a dis- 
tance of 5 ft. above the ground line, this representing the average height of a 
spectator’s eye. The plan should then be transferred, the front corner touching 
the eye line, with the front line making an angle of 40" with it, the adjacent side 
of course subtending an angle of 50'^. A station point is next decided, its dis- 
tance from the GL depends upon the size of the object to be projected ; it may 
be immediately below the nearest corner of the object, but not necessarily. 
Vanishing points mu.st next be decided, the large diagram showing a suitable 
method of obtaining same; one line is drawn at an angle of 40° with the SP and 
another at 50° as shown. These are [produced until they cut the HL. Angles of 
30° and 60° may also be adopted, but the angle subtended by the vanishing lines 
should in all cases be 90”, The position of the legs is shown in the plan ; a set 
square is placed on the drawing, touching one point of the plan and also the SP, 
then short projectors can be drawn until they cut the HL. From these points 
of intersection perpendiculars are dropped. The first to be so drawn is the 










nearest line of tin in plan , this must e(jiial in leni;lh tlu‘ t le\al ion, and upon 
this ////f' a]] In milt- loi hon/ontal linos are measuied Itoth diagiaiiis sluiw tlu' 
method of ( oinph tin^ the drawing 1 )i ( ora live K atuies are added lueliand*, in 
the rase of larLie ( ar\es ordinates ina\ he emplo\('d lor urealrr a( (iiia(\ It 
will be noth t vi lioai the \ie\\s that ill lines below the c\e run in an upward 
dire (turn, whilst those above the t \ e, as in I o: 6. run elownwareis A lantern is 
shown as an e sample in the latter diaaraiu 1 he piepaiatorv s\s(c‘ni is the saiiu 
as that empKwed for tlu* table In both < .ise s it is assunn-d th.U the distatu e ('I 
tlie sjiei tator trom the objea t is suinlar, tluaeloO' tlu neari-st noint in tlu“ jil.in i oin- 
( ides with a pomt on the 1 1 b. Ihojea tors aie drawn as befoie, and tlu* lU i i -sai\ 
perju ndu ulats ait‘ drawn above instead of bi low the Hb 'Tlu* nean st point ol 
the lanle rn should be' alxuit ; ft. () in. Iroin the .sl\ and a pciju ndu ular laised fiom 
this provides the lU'ee'ssarv line lor pielauinaiv nu asuremeiits, vvIik h should 
also in this ( as( be liansteried iioiii the e‘h*vaIion. It sIkuIuij; the ( omi'leted line • 
drawini: n desin^d, a i^ood (‘fleet can be obtained by shading (ertain paits 
The light has been ( onsidenai in the dhigiaius to pKx eed Irom a jiosinon • oin- 
rid(‘nt with the lett-hand VP. 'I'hosi paits of the ob)( ( l laithtst lioin the 
light are lluufore strongly sh uh d, whilst the te^p ie(eiv(s a lull measuie of 
lighting and is le tl clear. 'The liont of the table u < < ivcs about hall the light and 
is shaded as hall-toiu'. Wrrious media ran be (luploNed foi this pari ot the 
work. With wash or (olour dr.iwings tlu* w.ishes should lu* made up in various 
depths ol tone value , with pen and ink work the disiaiu e of the hm s one liom 
aiiotlier is nu re aseal or dt'( le.ised a< < oiding as light or daik tones are iKpiired, 
as is also tlu case il jieiu iK .ire used. 'I'he leiuhring ol small objeets in jirr- 
s[)e‘Cti\L* IS faeilitated if a large s(al'' ’s emplov(d, .is for c.xaiuple, tlu' book-rest 
shown m I'lg 7 . 'The real height is .ippio\im.it( ly .S in , this h. is been multiplied 
by 8, giving an assumed height ot ^ ft. 4 in., wluih en.ibh s the ob)( ( t tobcdr.iwn 
by the iiu thod previously descniHd 'I’his is parlK ul.irly well siiiU'd lor the lepre- 
senlation of small haiuh raft models, iiu ludiiig h.indle'', fmg( r plali s, biead 
pl.ittt rs, et( 

Design. - It Is a matter ot ( xtri'iiK ditiK ult\ to l.iv down < mtain formul.i 
for this elusive subject. ( ertain si/ts ot objects h.ive been dee ided by < usteiiu, 
tradition, and titness lor a dermite piiiposf, but pinportion (an be v.iried, and 111 
Itself is an import. int cli-ment of design Models or objec ts with .1 bold, dee ide d 
outline dem.ind .1 e 01 responding boldiuss ot deeoi.itive de'iail, whilst tlu' lighter 
forms of cr.iflwork .ire best suite el to .1 dainty rendt nng of d< tail 'I'liis guiding 
principle is wt^ll e \em[)lijied bv .1 ( omji.ii isoii of J' li/.ibeth.in wood or iiiet.d work 
with bher.ilon’s work of tlu eighteenth e ejiiui v. In tluj lormcr, he.ivy propeirlioiis 
demand the use of large mouldings and e .irving with a pi.euli<ir freedom of treat- 
ment, wliilst Sheraton’s elegant proporluuis h.ive mouldings and [jrojections re- 
duced to .1 minimum, with decorative- inlaid woik, light .ind dainty in design, or 
painted ornament of a similar ch.irae ter. .Another important faetor in design is 
the material emp]o)ed. Oak, a strong grained w(jod of coarse; texture, recjuires 

to 




Fig, 7. — Method of representing small objects in perspective. 


ally coloured woods alone, and the s^irest way to success is by experiment and 
careful observation with reterence to harmony ol colour. Ivory, tortoise-shell, and 
mother of pearl can be em[)lo\ed to atlvantage ; the lir^t mateiial looks best when 
utilized in a dark gioundwork for stencil effects, d'orloise-shell should be used 
in mass, and relieved by the use of silver or ebony, is ver> rich. The various 
varieties of pearl look best also in masses, with due regard to the beautiful 
colouring and lustre of the material. A study of histone work, and even pre- 
historic, cannot be too strongly urged; and to understand decorative craftwork. 




Fig. y.\ —Name tablets. 

lustrates \arious forms of lettering that are suitable for Name Tablet in hammered or repousse' metal, and how \arious effects arc obtained by 
different treatment. These should be studied in conjunction with F'lg. ii. 
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a study of historv, ( Ustonis, and politus is essential. The exainjdes 

illustrated in var.ous p.nts ot the work show in some measute how tiadition.il 
<raftvsork ean lx xd.ipted to modern liand( talt • 

Lettering. I'lrst relcrenet^ to handeralt deals eln- tis ith suital)le mnlation 
ot jirinled ('hara( ti rs on diawniL^s. 'I'hc r«' .ite main tmellent hooks jml lislu d 
(tn this suhiei t sjK( lalK sintid lor studt nls and teulu rs All)ie< hi Dunrhj'e 
Is well jiroporlK iix d end tasteliil in appeaiani e . it h.ls the added ad\ant,ij;i ot 
le neling it sc It read!!\ t(.) Ltt omet m .d t onsti lU'tii >n> although tins is not rec oin mended 
unless a laree c \er( isc- li iit r Is Ix'iiii^mIi.iw n. In one well-know n anlujiu' hook in 
the \'i( toria .1 nd Allx 1 1 Mum um at .'south Keinumton, Alhrec lit 1 hiier shows the 
eonstriK tioiis einjihue il h\ him for tlu* whole al]»!iahet Am lent Kom.m and 
ukdianal It.il'an is paite ularK ynovi, and well iepa\ stud\ , this < an ho edeilol 
lhroUL;h tlie iiudium ot old jni luii s, tahK is, inlaid woodwoik, and Ix'oks 

I'or ut m ral hamh tail jm post > a sipiait' kind <»t 1< ik imi; is host. Xpplu d to 
workmo and si alo drawings, (u admits m noit hook and iiu ideiital di si iiptious, it 
is eas\ tosjiKc', and <'an with some little jiiaitxo he i juu kly draw n \ pimd 
plan IS to draw two lim s pirallel and ahoul [ m apait. 'I’lu si aiellunion- 
vi rted into s, piaies w all a spai e of m helween tlnin. Smh stju.nes m at ly 
Idled with the Kttir (with tlu exiipiion ol i, wliiih laii he diawn with oiu 
slioke) ^i\e vi pu I ise and pli asini; efli 1 1 1 i tti is aie then draw n m i ai h s( |iiai(. , 

and when spat i d m this w i\ i ompKai d woids and m nli lu t s ^ui a pK asin,n ido.i 
of oood spai iiya and proportion hor ^ lass woi k, not moie than one st\ It should 
he adopti d. 'I he squaio lelti i ma list d upon main ot tho jilali s m this work < an 
he kaluci (1 Ol i nl.ir^Ml in si/e ai t oidimj to the iidativi import. im o ol tlu nli.i- 
eiu es, and ha\(. heiii loimd h\ tlu .luthoi s ipiite satisfai toi) lor < l.iss work 

l’iy;s. 8 to 12 of ihis t h.ipter an soim n piodiu tions of .uiistK' met.dwmk th.it 
h.i\i‘ lx eii m.ide loi \.iiious puipost s .ind in dilh n nt im I ds, ,md wlm h m soiuo 
e.ises aie hasul on li.idition.il st\lis It will .it otu'e lx sun how' impoit.mt .iii 
di.iw iiiLt, di s]L;n, .ind letti iini;, m i onjum tion with met h.uiK'.d pro< essi s .ind tlu 
kiiowledat ot iii.iti ii.ils d'hev .lit t x.imph s ot work th.it i .in ho done h) ^ood 
( i.ittsnien, .ind .ire modern d'lu \ sliow how m.iti ri.d must ^ovei n iK sign^ .md 
if this kind ot work is to he m.imt. lined, it is evidi nt lh.it design di.iw m,L; .ind 
lelttwin^^ should he prartned m < onjuiu.tion with the .u tu.d woik. In tii.un i.isis 
the eraltsman must hi .m .irtist. 'I'e.ichin,!; di sie;n m the ah.str.u I is ot little use. 
It is Useless to make a fine desij^n lor .i w iou_<i;hl-iion entr.im e J^.ite, .tnd win n the 
workiiiL; (hawing is m.ide, .ind the work i omes to he exeeuted, it is found th.if it 
cannot he m.ide ow me, to its j)rohihiti\ e i ost (< .lused h) the lenj^th of time- re(|iiii( d 
to make it), or its faulty eonstrm tioii, oi the impossihihty of makmp and fixing in 
the met.il rerjuircd the foi ms as designi d. 'i'he desigmn of metalwork must havi 
knowledge of materials and tiehnical pioi esses, as well .is of symholu.il and (on- 
\entional orname-nt. Many kinds of drawing, smh .is the drawing and colouring 
of plants, g<ometri(Ml drawing, including development of surfai c-s, drawing with 
(balk, cr.ixons, or charcoal on brown paper, or with ciiari oal, blue or red ix.m il 
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on white paper, especially if of a large size or to a large scale, are useful in metal- 
work. The working out of workshop drawings from small coloured sketches is 
excellent practice, as it brings forward many points often overlooked in the small 
sketches. The working drawings should consist of full-sizecj drawings (where 
practicable) of each particular part and detail with the sizes in figures, as well as 
the constructive details (joints,, etc.), which are most suitable for that parti- 
cular part, and should show the name of the material to be used. If cast and 
turned work enter into the design, there would be the necessary patterns, core 
prints, core boxes, etc., to be drawn, showing the necessary allouances for shrink- 
age, turning, and fitting together, and the pieces that sometimes have to he added 
(and afterwards removed) for holding the work. Often during the manufacture, 
patterns or designs arise which in themselves can be utilized as decorative features, 
e.g. the rivets which hold the raised piece of metal on the finger plate (p. 67) ; only 
three are necessary, the rest could be dummies, but they form a decoiative fea- 
ture. The laps on the tin box on p. 69 are decorative as well as necessary. 

All the articles shown in these pages have the names of the various metals of 
which they should be made ; and on examination it will be found that there is a wide 
difference between what should be cast and what should be wrought, as a model 
that is designed for, and made in, wrought iron would not be suitable if made in 
cast iron. For instance, the cage handle illustrated on p. 107, though correct for 
wrought iron, would be wrong made of cast iron or wrought copper, and would 
cost a great deal more, because more difficult to make in these latter metals. It is 
not what is [lossible but what is proper and most suitable for the particular purpose. 
It is for many workers and students much easier to model a design for metalwork 
than to draw it, and it gives a better appreciation of form, bulk, and relief, than 
drawing ever can. It enters largely into the jtrocesses of blacksmithing (see p. 103), 
co[)persmithing (see p. 84), silversmithing (see p. 89), casting, chasing, and em- 
bossing. A design that has been modelled, and is going to be made in metal, 
can be measured and gauged for the various heights of the lelief, etc., which can- 
not be done with a drawing. It is thus more realistic, but it applies more 
particularly to cast, raised, and hammered w'ork. W'orking from a model, there 
is less possibility of mistakes being made and conse(|uently less waste of material. 
Many of the objects shown could be easily modelled the coirect si/e, and the 
work made from the model without a drawing at all. The models Nos. 10, 1 1, 
12 on p. 103, and No. 2 on Fig. 9 , would have to be modelled, but in various 
w’ays and materials as described on p. 106. Models Nos. 6, 7, 8, 9, 10 on 
p, 78 could be modelled in a plastic material, then a plaster cast taken of 
them, and when suitable, such as Ch. ix. Fig. 6, Nos. 6, 10, ii, 12 on jj. 103, 
they could be cast in brass or bronze. Letters could be treated in the same way, 
as letters are used largely for signs, shields, nameplates, etc., but good examjiles 
should be copied in the early stages. They could also be raised from thin sheet 
metal as showai in Fig. 8, or sunk and filled with coloured wax as showm in 
Fig. 11 . A good practical exercise w’ould be to draw a letter about 4, 5, or 6 
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(i) Plmbos^sed and chased copper tablet on wood back. (-) Keproductjon of a Dutch chandehcr m brass. 
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inches high, tran^for it by means of a tracing and pricking through with a pin to 
the modelling medium, model it and take a planter cast from it. and from this tc 
lake a cast of the letter, ^ ^ » 


strengthening it by 
means of gal\ani/ed iron 


wire, d’his would be a 
pattern from which a 
casting in metal could 
be made. 'I'liis in turn 



could be filed up and 
finished, thus complet- 
ing the letter from the 



drawing to the finished 
articles. Patterns for 





letters could also be 


made in wood. 10. — c.isket co\crcil with tooled p.'iiiitrd ."ind m!t Ir.ithcr 

Colours should also ennehtd with hron/c mounts .iiul enamelled eiest, 

be considered when drawing and designing lor dtaoiaiive mel.ilwoik, as cMch 
metal has its own charac teristu' coloui, and this c.m often he modified and 
altered by colouring. 'The methods ar(‘ desi'rihed tin pp. i;<;-i.So. 'I'he ar- 
rangement of one metal with anothei is often dep-'niK'nt on tlu* toloiii, and 
if w'e include enamelling, inla\ing of anolht r metal or ot jirecious stones, ett any 
arrangement of ctjlour is possible, and highly artistic tdlet ts ,ue obtained. 'The 
casket illustrated in log. 10 and the memori.il taliKd (I'lg. 1 1) .ire good examples 
of metalwork in which colour is .m important fe.iture. 'Phe e.isket itsdl is made 
of mahogany and covered with rielily tooled, iiainted, and gilt leather, lUDiinted 
with bron/.e feet, handles, hinges, .md lo( k. In the t entre ol the lid there is 
a heialdic crest in translucent cnanu 1, thus forming a work of art m whu h colour 
IS predominant. The memorial tablet (Jdg. II) is of eopjier on a green marble 
base. It is embossed, and tlu stars are of silver inlaid. .Some of the li-ttering 
IS raised from the bark, .ind the u‘st is sunk and filled in with red wax ol .1 tint 
different fiom the surrounding eoppei. 'I'be whole is emhlcmatK'.d ol the man 
and his life. 

"Idle trophy in Pig. d (i ) is of hammered ( opper mounted on a wood base, and 
the design is based on the app.iratiis —the lU't and jiosts and the bill used m the 
game — and the laurel or bay-le.if branches which were Used by the .irK'ients for 
making wreaths lor the vitrtors. The br,iss chandelier, or if fitted l<u ttu! eler trie 
light, an electrolier, is a rejiroduetion of an eighteenth-century Dutch one, and is 
made entirely of east and turned bia'^s, big 8 (jj. 

The lock {dates, see l* ig. 9 (i), in.iib* of wrought steel, with forged handles, 
pierced and applied ornament, are of .1 design based on Ivli/abeth.in work of the 
sixteenth century. They are polished and have been hammered m the making 
and the marks have not been taken out. 'Phese give the metal a rich ap{)earance. 
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The fire implements and stand, Fig, 9 {2), or as they are sometimes called, a 
fireside companion, are also of polished steel, and the dragons’ heads have been 
forged and chiselled. 'I'his is modern , it ( ould he made of wrought and cast brass, 
or of wrougiu and cast LOp[)er, or \sith cast and wrought copper handles and 

steel reins. 'I'his last treat- 
ment would be very effective. 
Examples are given on page 
103. 

'File wrought-iron pedi- 
ment of a gate shown in 
h'lg. 12 (i) is a good txample, 
not t(jo intricate, of the use of 
natural fnrms treated in a ( on- 
ventional manner, .ind suit- 
ai)Ie for the material, F>ach 
small le.il has been welded 
sep<iralely on to each stem. 
They are all modelled, and 
as they vary in thickness, they 
h.ive bec'ii lorged fiom bar 
iron and sliaped while hot 
The largi‘t le.ives aie ( ut from 
thick |)latc aiul modelled 
'Y while hot, and then welded 

on to the sctoIIs, with the 
exception of llu' two end 
ones on the bottom bar. 

d'he illustiation, log 12 
(2), 1^ ot a w lought-iron gi ille 
of (pnte a difleient ( hai\u ter. 

iMU. lI.^._Ad.un Door Knocker, IVrcv House, re.it ^ basul on the palm 

Poitl.iiul Stieet. (Now desirovetl.) leaf, .111(1 tieatcd (onvcnlion- 

.dl). 

I he veiy handsome polislusl bi.iss door knot kei (log 1 1 \) iiom I'crcy 
House, (»reat Poitl.ind Strei't (now (k'niolished), is .1 good e\iim[d(.‘ ot prai tie.il 
design, being most suitable lor its puipose, .ind the m.iteiial fiom whu'h it is 
m.ide. It IS Is neither too heav\, noi oveilo.ided with ornament, .ind it can easily 
be cle.ined. Ihis is .in ex.imple ol eighteenth-ientury woik. 









1 10. II — -Memorial tablet of embossed and chased copper inl.ud with silver and wax, 








Part of a Dutch cabinet showing niarquetricd floral ornament. 



2. — Diagram illustrating method of inla>ing leaves, etc. 
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DECORATIVE PROCESSES 

IN WOOD AND Min'AL WORK 
“ Alt IS man added to iiaturo/’ — lt \i on 

Inlaying is ao art ofgreu anti(|uily. 'The term may l)i‘ i<‘L;ar(U‘d as etjuivalenl 
to the L itm “ iiiterNerere,” to ni'^ert. lola\ui^ l)rop/i ( onsi-'ls of ( Ullm^ out thin 
[)ieces ofnood, veneer, or other material to cotre^pond with the units of a eerlain 
design. These are marked upon the gomndwoik and ( ut with (hisds and 
gouges d'his leaves (avities into which tin* i)repared units ol the design are 
“inserted” or “laid m ” the gn)undwork, being fixed with glue or otlu'r adlu'sive 
medium. 'I'he term “ marquetry ” is often ('onfined with “inlaying,” but tlu* two 
processes are totally distinct. Marquetiy coiivs from tlu* loench word “ m.ir- 
queter,” hence manpieterie, and originally nu*ant lu spot or mark. 'The latter 
term is aj)[)lied to decorative work where six or more sheets of veneer are 
temporarily fixed together and ( lit simultaneously to a design with a six'cial saw 
and implement called a “ donkv y d'he various pieis's are then interchanged from 
the different layers in (ird' r to effect the necessary (.ontrast of colour and are then 
glued down to a sheet of paper to complete the whole design A good ex.inijile 
of inlaying is shown in the frontispiece at the head of the mirror frame. From 
this it can clearly be seen that the design must be < omjiosed of separate and 
distinct units A characteristic example of m.inpietry from a Dutch cabinet is 
shown in Fig. 1. A con>pan<on of the two eximples shows the fact that with the 
former process st(‘ncil effects are best and in the latter continuous designs of floral 
and symbolical devices can be executed 'I'he inlaying m the frontispiece is also 
an excellent object lesson in the h.indling of initerial, and the limitations of 
design imposed by the U'>e of a brittle miterial. It is an axiom of good inlay 
design that the various units of an mlayed pattern should be of such a shajie as 
to permit of easy handling during the piocesses of cutting and sh.iping pre- 
vious to glueing in. Obvioudy this prevents the use of composite parts 
designed w’ith a too clo'.e resemblance to the natural motif, when it is inter- 
twining stems, sharply curved stalks, leaves, etc. 'I'his principle will be better 
understood by reference to the illustration. Fig. d , here are shown some inlaying 
designs based upon the wild rose. A certain stiffness of effect is inevitable, but 
considerable charm can be produced by good grouping and colour harmonies with 
natural woods. To produce either of the panel centres shown, the design is 
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first prepared on cartridge jwper and glued down to tiie groundwork or [unel, 
see A, .K*K- -• 1 racings are then made of earh unit, i.e. stems, (lowers, 

and leaves, these being glued down to suitablv coloured \eneei. In tlu* la^e of 
the flowers, oiu* tracing serves for thne thlck^e^ses of xeneei, and so on with 
leases and stalks Tliese are cut out with a small hand fret-saw ^^ee illustiation 
Ch x\i, 1. 8 (i) , used in conjuiKtion with ,i small (lilting bo.ird or a \ice as 
illustrated in Ch xm, t 15 . rhe\ should be < ut “outside the line, " that i.s, 
so as to lea\e the jiencil mark upon the unit, and the cavities upon tlu' ground 
are ( id with gijuges first “inside the line I'.ach pie( e should Ik.* tried and 
fitteii if necessary befoie ghu ing is pro( ceded witli. ('in I'ig. 2 illustrates the 
design when the mam units of the design ha\e been inlaid. The spots and small 
diamond shapes are best done with a small sipiareawl hole and chistd, afterwards 
filled with a ( oloured conniosition. Although generall) teinied m!.i\ing, the ex- 
amples shown m fig. 4 , are leallv “overlaid . 1 lu'se .ire .idmir.ilih* t'xamples 

from the Ihthnal (Ireen .Museum, illustiatmg tlu' possibilities of go id dicoiatne 
work m woods .111(1 \eneers Richness of (‘ffe* t is obt. lined b\ the ( an till si-let lion 
of materi.il, with due r(‘gaid to colour and the n.itui.il m.nkingsof the wood 1 he 
e\ecuti\e |)ro('ess('s attached to work of this t\pe \.iry fiom those puMoiisly 
des( ribed. 'I'lu' gen( r.d jiriiK iple is to fust l.i\ .i pica e of nciu'ci upon the 
groundwork (this is desf rilual under the heading of vem ermg in another p.iit of 
this work) The dc'sign is glued d )wn to tlu* groundwork .md a low mg is t.iken 
of e.ich unit, these being gliual down to pieces of veneer .md i ui out with a fret- 
s.aw .\s m the proc'ess of mlavmg, ( .i< h unit should be < ut oulsid(‘ the line 
and the groundwoik outline iu->t cut .iw.i\ 'Tlv design is commenced at a 
corner and laid down j)k‘( e by pure until th(‘ whole is comiileted Inlavmg of 
yet .mother kind is shown m log 5 'This is .i fine ex.imple of IV isian ( ralts- 
m.inship and a beautiful specimen of design work. In the exec ulion of this and 
simil.ir work the groundwork w.is covered with a piep.iiafion of mastic — a kind 
of lacquer — -and the preqiared units weie embedded until thi* whole box was m- 
criistr d with mother of pe.irl or ivory. It was then allowed to slaml until 
thoroughly hatdened, wlu'n it was kvelled down, the finished smfaie having the 
appcxiran* e of inlaid work The drawback to this jiiocess is that tlu' mastic has 
a tendency to ptu4 away from the gioundwork, .is can he seen m tlu* photogr.ijih. 
'TIk^ original coffer is m the Victori.i and Albert .Museum I'lu're .ire vanous 
interesting refeienees to ml.iymg m classical lifcr.iturc. (diesis mentioned by 
Homer were ornamented with inlaid work of jrrenous metals .and ivory. V itruvius 
and PImy also refer to inl.iymg, using the word “cerostrata, meaning inlaid with 
hoin and w.ix. In Hook 2^ of the “Odyssey" Ulysses desc.rihe-) to P< lu lope* ihe 
bridal bed in the following terms. “ Hegmmng fiom this liead I)o^t, I wrought at 
the bedstead till I had finished it, and made it fair with inlaid work of gold and of 
silver, and of ivory’’ A Biblic.d reference to inlaying is found m r Kings x. 
18 : “ Moreover the king made a great throne of ivory and overlaid it with the 
best gold ”. There are several othe-- references to this and other arts m the Bible. 
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Various London museums and the Louvre disj)]ay ^pe( imens of inlaying of 
ancient Ass\rian and l^gyptian origin, remarkable both for ingenuity of design 
and* perfection of exe( ution. Metal, ebony, and ivory were the chief media 
used, Processes connected with handcralt lessons, either < onstriutional or 
deer^rative, must ^ece^sartly be simple and within the range of a boy’> ability. 
\Vhilst, how«'ver, strict limitations the prac lic.d side are im[)Osed by a pu{)irs 
capacity and [)hysic:al strength, the* t.-duc ational or culture value is [)raclically un- 
limited. la.ssons c>n the historv or devt‘Io[)ment of inlaving can bt‘ devised, and 
the importanc e attache d to this art in ancient times can be discussed through the 
medium of c lassic literature 'The style of mlaving best suite d to the needs of 
handcT.dt c entres is that in whicdi a delinile unit is taken and ai ranged into a 
design. 'Thiis m log b a leaf is made by the simple* action c)f two gouge cuts. 
'The l)f)\s should he limited to the use of a certain number cjf units and mstiucted 
to .irrange them intc^ ,i simple design. Reference 
to h'lg. (> will show' twosim|)!c tiaMiments. When 
the* design is completed .ind drawn in outline*, it 
should be pasted down to the work in hand. 
'I'hc same gouge is used tc; cut the units in the 
gioiindwork, and when il is placed in position 
It should he struck snuutlv with the hand. 
'The* inside can then be easily removed with a 
small chisel, leaving c^wilies for the receiition of 
the leaf units. I'urtlier ajiphcations of this pro- 
('es^ cmhodying various degree-^ of manipulative 
skill aic* illustrated m tlie woodwork models 

.Another simple nuuhod of deconitmg tlie 
calges of handcraft fuodc Is is that illustrated in 
fic)iuis[)ie( (*. 'rills is a traditional type of dreo- 
ration, iiitiodiica'd dutmg the peiiodof (^)ueen Anne It is eas\ to manijiulate and 
telmed 111 appeaiancc. It is cap d)le of m iny variations and is proceeded with, is 

follows: 'Two picc'cjs of wcaid of c on- 
ti.isling colours .uid in. thick are 
gauged and plaiic-d up to thickness, 
the end of eac h piec e is then planed 
ac'ioss and strips gauged and c ut from 
eac'h juece, the edges being smoolhed 
with a fmeh st.t plane. 'I'hey are then 
glued down alternately to a pua e of 
kmfe-cut veneer, and when dry the 
edge is planed, and stnjis gauged off 
as indicated b\ the dotted lines in 
diagiam lag 7. In each ol these designs it is necossarv to work a small rebate, 
into which the “ mosaic ” infa) is glued and levelled off This process is further 
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Img. 6.— Gouge p.utcrns. 
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illastrated on p. 50. A few good j;{>coimens of mosaic slringings, which can 
be purchased at mo^t veneer stores, are lllu^^Iated on p. 53. T'hese are inlaid as 
shown on p. 54, and the method by which ihu is effected is as follows: A 
scratch stock (see 
Fig. 8) is first pre- 
pared. A represents 
the stock, li is the 
stock or butt jiiece, 
and h connected to 
the stock h) a bolt 
passed ihrougii .\ 
and B. The butter- 
fly nut (' IS loosened 
and 1] can then be Fki. S — Dia^r.ims jllustratlup; a scr uch stuck 

pushed along the requnetl distanci‘ from the edge of cutter JT I'he st'( iional 
view shows the stock with coincx edge fitting into the con('a\c edge ot the butt 
piece or stop, fhe cutter F is made from ‘'toel, the edge sharpened like a 

chisel, and then vi burr is produc(‘d as w ith an ordinary scraper. 'I'he sctalt h stock 
is operated by pressing the end ol B against the edge of the maleiuil, diavsing the 
instrument to and ho to form a channel into which are gluc’d the sinngings, and 
when dry they are levelled with the groundwork. Various otlu'r applications of 
this process involving slight variations of i)racli('e arc dealt with as the) occur in 
connexion with the models. 'I'he following are gi\en as examples of <'ombinations 
of colour m natural woods for pur[)o>es of inlaying . — • 

For oak groundworks the following woods give ple.ising effects - 

(Teen and brown ebon). Various varieties of rosewoods, holly, 
chestnut, Italian and American walnut, and cocos wood, a sjiecies 
of ebony. 

For Italian or American walnut groundworks — 

Brown oak, thp v.irious varieties (T ebony .ind rosewoods, holly, 
pear, box, and purple wood. 

For rosewood groundworks • — 

Brown oak, ebony, purple, ivory, and holly. 

Other materials used for inla)mg iik hide mother of pearl, blue and 
Japanese pearl, ivory, and various metals, all of whic'h can be ludu lousK ( om- 
bined with the majority of the preceding woods. All these demand certain 
processes not pre\ioiisly dealt with. Pearl is a very brittle substaru’e and ex- 
tremely hard, hence one thickness onl) can be ( ut at a time, and th( best plan is 
to trace the desired shapes on to the pearl and then to fix it in the jaws of a 
parallel vice (see diagram Ch. x\i, f. 15) A small fret saw frame (^ee (di. xvi, 
f. 8 (i)) should be used to cut the pearl, held with the blade horizontal A little 
soap rubbed on the blade facilitates working, and if necessary the pieces should 
be regulated with a fine cut file. Before they are glued in, the pieces should be 
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roughened with the end of a file in order to assist the adhesion of the glue. Ivory 
is treated in a similar manner, and is also cut, one or more thicknesses, as described 
above. Metal for inlaying should be about in. thick, and is also cut with fret 
saws as described, the underside being picked with a sharp point to assist adhesion. 
A small (luantity of \'enice turpentine or garlic added to glue acts chemically 
upon metallic surfaces, removing all traces o( grease, and effects a much 
stronger joint. Mother of pearl is best when treated in masses for decoration, 
thus obtaining the full effect of its charming colours and varying shades. 
Ivory is best for spotted or mosaic decoration, and the use of metal is practically 
restric ted to small escutdieons and eiirii hments. 

Wax Inlaying. — 'bhis is another traditional type of decoration, rather 
unjustly abused in some (juarters. Theoretically the application of wax inlaying 
may b(‘ wrong, it being contended that its com{)osition is liable to shrink and 
fall out. In ac'tual practice, however, a better state of things occurs, as is evinced 
by a fine Frem'h cabinet (j)eriod sixteamth century) in the Edinburgh Museum, 
h’or this e\am[)le a free treatment of design is possible, there being practically 
no limitation to the use of the material, as is the ('ase when inlaying wood, d'he 
design is ( ut out with a vee tool and gouges, and the ('avilies filled with a com- 
position of wax, dry ('olour, and resin. The latter acts as a hardtaiing ekment. '1 he 
three media are melted and \\(‘ll mixed together, and the mixluie is then put into 
the grooves with a piece of stick Previous to the insertion of the wax, the wood 
should fie given a coating of ordinary h'rench polish which prevents discoloration 
o( the groundwork and a ragged effect in the fine lines owing to the ('om{)osition 
soaking into the end giain. A design can be executed m one or more colours, 
care being taken not to allow them to merge one in the other where they join. 
The composition is dry half an hour orsoafttT its appluMtion, and the sipiei lUious 
composition can he lemoved with a steel scraper. Olour combinations for this 
process include reds, blues, blac'ks, and greens foi oak ; yellows, blues, or greens for 
mahogany. Stronger c'ontrasts of colour c'an be effected with wax inlaying, and 
generally speaking, the tone of natural wood accentuatcal can be utili/ed as c'olour 
schemes. Various a])plic:ations ot this proc'ess are shown on pp. 3;^ and 27. 
A combination of wax and veneer inlaying is also an effective treatment (see Eig. 6 
on p. 50). Punch work filled with this preparation is p.irticularly suitable for 
young pujiils, giving a deal of scope for ingenuity in design, and it is particularly 
easy to manipulate. 

Recessing. — bids type of decoration, a familiar feature of Jacobean work, 
is not now used to the extent it deserves. There has been no noteworthy example 
of this art in Faigland since the seventeenth century, nor abroad, where it 
flourished about the same time. Switzerland, Germany, and Scandinavia all 
excelled in the practice of this art, and the museums show some excellent ex- 
amples of furniture decorated with this process. The details of a fine Tyrolean 
cabinet in the Victoria and Albert Museum are illustrated in Fig. 9 , from which 
it will be seen that the whole outline is simply vec tooled and then recessed. 
The veins of the leaves are executed with one cut of the vee tool. Simple 
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geometrical designs and outlines based upon natural motives as on p. 144 cai 
very well be introduced, and if the recessed part is painted in oil colour rid 
effects are produced. Decorated in this way is the fine Scandinavian chair showi 
opposite, exhibited at the last Paris Exhibition. It is a rich example of work 
following the traditional lines of Scandinavian ornament, and provides much usefu 
detail for lessons, introducing simjde carving and recessing. In executing thi 
work, a good plan is to transfer the design on to the groundwork and then to ce 
or outline the design with gouges, not necessarily removing all traces of th 
tooling, for a texture is thus imparted to the background which has a very pleas 
ing effect when colouied. 'Phe background can be painted with an admixtur 
of painter’s gold si/e and dry artist’s colour which dries (juickly. The suiface c 
relief part of the dei oration can be treated with another colour, or simply cleanc 
up and waxed. Mediaeval German artists produced some very beautiful specimen 
of this work, imitating a “gesso ’’ effect, and gilding the background with tine gol 
leaf ; the raised portions were also gilded and burnished bright to effect a contrai 
of tone. 'Phe writer has also seen specimens with a [lainted background of a re 
colour with the relief part gilded. 

'Phe drawings on p. 39 illustrate simple designs for recessed work whic 
lend themselves also to decorative colour treatment. 

Punch Work is a simple process eminently suited to handcraft \sorl 
'Phe designing is easy, and has advantages in the development of taste an 
observation of proportion by the disposition of units in a much greater rang 
than the degree of executive skill demanded. (lOod designs can be efiecte 
with such a simple tool as the leather washer punch, obtainable at ironmonger; 
'This is used for circular holes, whilst s(juare and diamond shapes can be ci 
with chisels. Borders are especially effective when decorated in this \va), an 
panels for doors and constructional models (.an be decorated with ad\antage. 

I'lg. 10 shows three designs for bordeis. 'Phe circular punch should be hel 
in a vertical position, and struck smartly wit 
t • • • • • a hammer, c iitting the wood about in. dee[ 

f # • • # i A slight movement of the tool usually suffice 

to separ.ite the core, and the next spot can the 
I n ^ ^ be proceeded with. The punch has an elongat 

od conical attachment which causes the loos 
I circular pieces to become loose when severe 
m cuts are made. 'Phey may then be easily re 
* moved by reversing the punch. S(]uare an 
F.g. to.-S,mple patterns for diamond shaped lioles are made with lour chis, 
punched work. cuts, removing the core with a small chise 

Composition can be used to fill in the spaces, or they may be painted in contras 
ing colours. 'Phe play of light and shade also has a pleasing effect in this t\pe ( 
work. 

Carving, like its sister art inlaying, is also of very ancient origin, as is ev 
denced by the examples illustrated in the chapter on decorative examples 1 
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handcraft. Nearly all nations have had a period in their Ihsiory wlicn carving 
was the pre-eminent craft. Not onlv has wood 
been chosen for carvt'd ilecoration. hut nu-tal, 
stone, and marble, i;ems, i\or\, and |h\u1s, ha\e 
from the earliest times all been utilued m the 
prartueof this ail. Medi.e\al I'lance and Ilab’ 
produced most elaborate specuniin-^ ‘sf ear\ini;, 
especially during the (lothu' and Renussance 
periods. Thi'se masterpiec'es are un^urpas-'ed fiom 
the point of view of teehnaiue, with the excep- 
tion perhaps ot work belom^uy.; to the* (iiinhii;^ 

(libhons ‘^c hciol in laij^land. iMlueationalh, tlu-y 
should be re<^.irded .is the j)e« uli.ir products ol a 
period, intc restiUL; as studies, hut ch void ol tiiu* 
atstlietic Ic'c ling. 

Veneering. --A s a tiirm ol deeotalKin 
venetTing is a valualile process It lan be 
employed with advantage in iumiIv all kincN of 
furniture and <iclvaiued models, and affoids good 

opportunities for the exercise of good design -A fnir cnrvccl panel in 

• ocK, .1 sunplc* aiul ctlec-tivc ile- 

and colour ide.is. I he,* diagrams m rig Id show sign, I nghsli, early Hixiccnih 

right designs foi veneering suitable for door c^eiuurv. 

panels, and these with slight alteration^ of si/e .md an,ingc*mc‘nl would be 

suitable for burc'au Haps, table tc)j)s. and flush doors 

'To exec:ute the second ex imple shown on p. 152, tile following procedure,* 
would he adopted . first damp and slretc'h d sheet of c .irtndgc* papcT upon a draw- 
ing bciard .ind tlien carefully n t out the pattern with penc il line. Next select suit- 
ably coloured \enejis---or veneers with contrasting figures such as fiddle back 
and mottled mihogan\, or ;\inc*nc'an and wi'Il-ligured Italian walnut, or rose- 
w'ood and blown oik, then cut the pieces nitlr r l.iigcr than the di.iwing, after- 
wards planing tliem to shape with an iron shoulder pline upon a shooting hoard 
It will he found the best jilan to la> on a pieca* of cross banding fiist , this may be 
laid in one or tw'o pieces neatly joined with the mitrc's corrc'ctly fitted, and serur(*d 
by glueing down to the {)aper, tlu*n the three to[) |)ie<‘es would be; planc*d and 
glued down to the jiaper, these being fcdlowed by the diamond and half-diamond 
shapes, 'i'hc* three large c'ciitre pie< <*. would be dealt with next, and so (;n until 
the whole ot the ceiitie part was c oinj)lc*tc d, after whic h the* ctoss bandings would 
be fitted to complete the panel. In ihe first and third examples diamond shapes 
are titled intc) a large diamond. 'I'his type of veneeiing may be c*xpc‘ditiously exe- 
cuted by glueing up strips of veneers — ebony and salinwood, for instance* — with 
the grain and width coinciding with the* re'|uired pattern. One encl can then be 
cut and fitted to the diamond shi[)e and c'onsecutivc rows gauged off and moved 
along one diamond in order to effect the change. 'TFic fifth example shows inlay- 
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ing ; in this case the groundwork would be fitted and glued to paper as described, 
the inlaying being completed when the groundwork had been veneered ; the pro- 
cess of inlaying would then be similar to that described for solid work earlieV in 
the chapter. 

Caul veneering is best for work of this kind, dislim l frcmi hammer veneering, 
suitable onl\ for light knife-( ut \eneers. A <.aul should l>e made* from in. pme, 
rather larger than the surface to l)e \eneered. 

'I'he groundwork is well toothed and si/ed, and when (juite dry it is covered 
with ^lue, tills being allowed to (hill belore jilacing the \eneer in position with 
the paper upperiiK^st. I he Ncmeer should b(‘ sec uied with one or two \enei‘r pins 
drivi'n in (lose to the edge, and then a pie( e of paper is laid over the papei on 
the back of the \eneer in order to pievent the spare glue sinking to the caul. 
The latter should he thorougliK heat(‘d and then phued over the veneer and 
firmK hands(rewc(l all together, this lauses tin* glue to run and the piessuie ap- 
plied forces all tiu' spare glue out The work siiould temain in the handscrews 
at least lwent\-tour hours \\ hen (jinte dry the jiressuie is removed and the top 
p.iper reino\ed Ijy loottnng, or damping down and se taping with a e hisel, 

X'eneering, eo^sl^tlng of hammei and e.iul xeneenng, eannol lie fully dealt 
with in a work of this si/e, and re-adeTs ate nteiied to Wells and llooptT’s 
Modern CiUnne l Work’’ lor luitlu-r details of this proe e-ss. 

DlT'OKA riVh: I’KOClvsSKS IN MK I'Al AVORK. 

Applique or Applied Ornament.-- Ko^otu s, wresulis, medallions, and 

enamels are often applied to j)latn siirfae es, and .dl cxe epi the eaiaiiiels eenild be 
fixed by bra/ing, siKer soldering, soft soldering, 01 riveting, the rivets he ing shown 
as part of tlie decor.ition as illustiated in ('h. \ 1, Fig. 7 (d) or hidele-n (sc*cret 
rivc'ting) Some old (iothu' ironwoik has been done bv pieieang the orn.imcnl 
out of thick mdal and riveting it on to a plain background, which gives a very 
fine effect. In some Spanish vvoik of this kinel the* (.(feet was heightened by 
laying on the backgroimd a [iiece of led leathei or velvet and then fixing on the 
Iiicrccd work. Doors weic decoiated in this manner and must have looked very 
rich and beautiful 

Where a nuinlier (jf the same small ornaments are to be afiplied, 
they may either be cast from a pattern, or stamped with a die. If the design 
IS cut in a piece of iron or sUcl the reverse shajie to tlial whu h is reepiired, rc'ally 
making an intaglio, soft metal is easily hammered into the die so formed without 
the aid of a [iress. 

Another method is to lay a piece of very linn mel<d on the die, then on this 
a piete of lead and hammer both into t!ie die, then take out and trim off super- 
fluous metal. In this way (juite nice clean ornaments ( <in be made. 'This is a 
very ancient method of making small ornaments, bordermgs, [learlings, etc. 
When making the die the progress (.an be seen by^wetting the die slightly and 
squeezing modelling wax into the sunk p(.»rlion, the wax impression when removed 
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giving the object in relief. Ornaments can also be fixed by screws, but there is 
always the liability of their working loose. When the appluiue is of china, glass, 
or ‘enamel, a setting has to be nude and fixed to the background, the enamel 
inserted and the edges of the setting pressed or burnished down on to the 
enamel ; sometimes a loose setting can be made which, holding the object inde- 
pendently, can then be screwed -or riveted to the base, so avoiding the burnishing 
down of the edges of the setting on to the pearl, stone, or enamel. 

Bidri Ware. — There is another form of inlaid work which is called Bidri 
ware, as it was made at Bidar, a city north-west of Hyderabad 

'J'he articles are cast in pewter and the designs are chiselled out and silver 
hammered in. It is blackened by the application of a solution of salammoniac, 
saltpetre, salt, and copper sulphate. 'The design is then rulibed up and the 
ornament is left in white on a black background. Niello is blai k on a white 
background. 

Bronzing or Metal Colouring is an art which produces ver) beautiful 
results on metallic objects, and to obtain an insight of what is possible in this 
direction the work that has been executed by the Japanese should be well studied. 
They are certainly unrivalled in this branch of metalwork. The chemical colour- 
ing or bronzing of metals requires a knowledge of metallurgy and chemistry, and 
to produce beautilul results the possession of artistic ta^te on the part of the 
operator. The colouring of the object is affected by the purity or otherwise of 
the metal, the tenqicrature of the solution used, as well as by the purity or im- 
purity of the chemicals used in making up the bath. 

'The most im[)ortant point in connexion wdth the bron/ing of metaK is that 
they must be scrupulously clean and of a uniform colour and smoothness before 
being immersed in the bron/ing sidiition. 

Any article made of brass, bron/e, gunmetal, or similar alloy may be brought 
to niany shades of brown by the following method : Thoroughly clean the 
object by boiling in a strong caustic potash solution and ws ll rinsing in three 
waters; then dip in a solution of nitric acid 2 parts, sulphuiic acid i part, 
hydrochloric acid i pint to each gallon of dip. Again rinse well in three 
waters. If the object does not come up a bright uniform colour, well scrub with 
silver sand and water and repeat the acid dip. When a nice bright colour, dip 
in a solution of a quarter of an ounce of potassium sulphide to one gallon of boil- 
ing water, if it does not come right the first time scour with silver sand and water, 
and repeat the dip in the sul[)hide solution; to produce a very dark shade wipe 
over with a piece of rag that has been dipped in a weak solution of the acid dip ; 
swill well in two or three waters and dry out in hot saw'dust. To produce a blue 
colour as well as a variety of shades of brown, clean, scour, and dip, as described 
above, and dip in a boiling solution of hyposulphite of soda 4 o/., acetate of 
lead 3 oz., water 1 gal. Dissolve these separately and add the lead solution to 
the hypo solution. 'To produce a steel colour, clean, scour, and dip as before, 
and immerse in a solution made as follows : Arsenic S 0/.., blue copperas 2 oz., 
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carbonate of iron 2 o/.., verdigris 2 o/., spirits of salts 7 lb., then scour well with 
sand and water and rej>eat and dry out in hot sawdust. If the colour is too 
light, blacklead as )Ou would a stove This can now be turned a dark grv^en if 
re(|uired by lac(iuering with green laDpier. All these l^ron^es when finished 
should be brushed over with beeswax or lanpiered. 

To redden brass articles to matih eop|it‘r,' clean, scout, and di[) as IxTore, 
wrap up the article well in thin iron wire and immerse for a short time in the old 
acid dip. 'I'hal is, the acid dip that has become too weak to give the bright 
colour* owing to use, hut is still used for pickling 

Xo/i’. — 'I'he pota^Slum sulphide should be in dark greenish-yellow lumps 
and be kept in an airtight bottle 

Chasing and car\ing usuall) go together, as ornamental work that is made 
in the solid is usually, if made in iron, forgtxl as near as possible to the sh.ipe re- 
(juired, then ( hiselled out and finaily sm oothed up with punches and bent files 
called rifUers, I'lgurcs that ha\e been l asl aie finislied olT by the Litter jirocess. 
Men who do this kind of work are called “(dciseis,” but they can usually do 
embossing as well as modelling (this t lass of work is really modelling m metal). 
Examples of this kind which would he modelled, cast, and then (based aie illus- 
trated in fjh. i\, Figs. 9, 10. 13a. 

Damascening is the term usually applied to iiutalwork that has bi'cn in- 
laid with gold or silver, and is of Oriental origin, and was established at 
Damascus during the reign ot the ICmperor Domilian, first ( entury A i>. '1 he 

word IS also a[)[)hed to work whu h is made of a [Ki.uliar kind of siei 1 ot a waten,*d 
or striated appearance. 'Fhis a{)pearance is obtained b\ welding togetluT a piece 
of iron and steel. By rej)eated twisting, doubling over, and welding together a 
pattern is obtained which is brought out by the applu.ition of sulphnrii ;u id and 
water 

Another method of damasi'ening which is not sucli a good one as that 
indicated above, but was largely jiractised in later times, is to (Toss-hatch the 
whole of the design to* he inlaid with a graver whicli leaves a number of sharp 
points. Cold leaf is then applied in successive layers and hurnished down 
on to the points, which keys the metal to the ground. 

Fine wire can also be applied in the same manner, working out tlie design 
as you go along, tapping the wire down wntli a light hammer which keys it 
into position. But this is really a form of onlaying, not iMla)ing. Another 
method which gives the effect of damascened work is stencilling the sjiaces of the 
design with a compound which is not affected by acids and electroplating the 
object with gold or silver. 

Electroplating, or the electre; deposition of metals, is (oiting one metal 
with another by means of the electric current, and the proces-. is roughly as 
follows: The article to be electroplated is first thoroughly cleansed by washing 
in a hot solution of caustic soda and then suspended on a ro[)per wire which is 
fastened to a copper rod, resting on the edges of a tank containing a solution 
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of the metal to i)e deposited. There is :i similar rod or set of rods at the other 
end of the tank which holds susi)ended in the solution a series of plates or 
anodes, as they are ('ailed, of the metal to be deposited, 'i'he path the elec tricity 
takes is through the rods and pieces of metal called the anodes, then through the 
solution to the articles to be plated which are called the cathodes, and through 
the articles bac k to the d)namo or battery , when the process is finished or enough 
metal has been deposited on thi* articles, they are taken from the solution, washed, 
scratch brushed, and linished. 'I'he lhi< kness or amount of the metal deposited 
is measured by weighing the arte le before and after plating, or by the tinie it is 
in the bath. 'I’he iiutals mostly used for electro deposition are gold, silver, 
co[)[)er, nic kel, ( oh.ilt, br^iss, and /im . 

Embossed Work. — Punch decoration or repousse* w*ork is that kind of 
work on which designs arc raised from the back by means of jiunches and ham- 
mcis of many shapes and si/.cs. The woik is usually on thin metal, and is either 
laid loosely or fixed oil a bed of some substance which allows the metal to give, 
e.g. soft wood, pitch, plasticine, wax, lilock of lead, a bag of sand or [ilastcr. 
'I'he design is drawn on the metal and then scribed in so that as the work pro- 
ceeds the outliiK' remains visible. When high relief is desired it is belter to raise 
the high parts with a hammer, keying the metal loosely on a sand bag; when the 
necessary <imount of relief is oblainc*cl the work should be stu( k on a bed of 
pit('h, and worked up with punches. A good example of hammered and repousse 
work IS the silver jug illiistiated in (di. viii, log. 5 (1). 'I'his is from the Victoria 
and Albert Museum ; other exam[)lc‘s of this kind ot w'ork are also shown in Kig. 5. 

Enamelling.---'I'his is the name given tt) vitrified substam'es a|)plied 
chielly to the sui faces ot metals. It is exec uted in v.irious wa)s and styles, and 
is known <is Plain cnamcllun:;, whu'h is sim[)ly the aj)[)]ication of opatjue or 
translucent colour in the form of a pattern, etc 

In Cluitn/^lcvr ('luvncUmi^ the design is cut out of the solid metal, leaving 
thin walls of metal to outline the design, and the cells thus formed are filled 
with llic* various colouted enamels. 

In Juisse taillc ('narrHin^^ the same jirocess is gone through as in cham[)levc* 
c'liamelling, but in addition the* bottoms of the cells or divisions are modc'lled in 
rc'hef, so giv'ing greater depth and [ilay of light to the* enamel the cells are filled 
with. 

In Cloisonne cnanieUun:^ the* design is laid out by means of ajiplvmg to a 
smooth groundwork a piece or pieces of rectangular or triangular wiie forming 
or outlining the design, which are silver soldered down on to the groundwork 
and then the hollows are filled with enamel, in some instances the cloisons are 
held in position by the enamel only. 'Phis is really a modification, or an easier 
method, of obtaining a lesiilt similar to champleve enamelling. 

Plujuc a jour cnamclUn\j is enamelling or enamelled work that can be seen 
through, simply a network comprising the dcjsign and the spaces filled in with 
various coloured enamels which are translucent. When the spaces in the design 
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are small the object can be fired without a ^uppo^l to hold the enamel in its 
place, but where this is not [X)>sible the object has to be laid on a back or support 
made of some material such as platinum that will not stick or (use at the lempeia- 
ture at which the enamel melts. Enamelled work can be done on ^old, silver 
copper, and j^ilding metal, but the best results are obtained on j^old or silver, 
though often the colours have to be toned down to prevent them looking harsh 
and raw. When enamelling on other metals which arc not so brilliant, 
{Xiillons are often Used to lighten uj> the design ; the>e aie simply pieces ol gold 
or silver (oil laid on the enamel, tired, ami then (invred with more enamel. Hy 
this meins a retlected light is (vbtaineil which r an be lom*d <lown to suit the design. 
Enamel in the sense in whuh it is used here means coloured glass that is fusid 
on the nil tal, and there is nothing to « oin[)are with it loi brilliant and beauiitnl 
cfTec ts. It IS one of the decorative arts seen at its b- st in assm lalion with nu'lal 
work. Hinges, handles, bell pushes, swiii h covers, linger plates, biai kels, lemlers, 
jardinieres, grilles, .iltar rails, ( andiesi k ks, etc., ( ould all be made mf)sl di'i oiative 
by till' light Use of good enamelled woik 

'To obtain the best lesulls an i nauu llmg liiina<«. must be iisid, th.it is a 
turna( <■ ( onstrm ted spe( lally loi this pinposi- ,ui(l lieali d < ilhei hy gas or ben/o* 
lene a* ( ording to the system that is desired 

'I'hi inamelvvhiih is suppli* d in ihe lump or giound to.i(eitain linem ss 
as reiiuin d must he thoioughly waslud (this i^ one ol the most muioilant pio- 
(es^^sjand the metal base, whub must .ilso be si i upuloiislv i kan (serapi-il lor 
|)n fen m i j, is slightly domed, and the en.unel in lorm ol a pow’iUa whu h has been 
wetted with some linn gum li.igai anlh it nl(ls^al^, to make it adhere to the 
metal, is applnd to the ba< k and Iront of the work with a sp.itula and well 
pres>ed down to forma firm and t ven i o,iting 'This is thoroughly dried .ind 
then plaied in the muftle of the lurnaie when the lui na<e is at the light 
iieat, and baked until the enamel has lusi.d. It is then taki n out .ind lelt 
to eool. 'Tills jiroeess is tepealed until the operator is satisfied. 

Engraved and Punched Decoration. -Decorative processes m metal- 
work (late back to very remote times, and the early tools and obje* ts in metal in 
our museums show how decorative eflects (,an be prodiued by vi-ry simjile means. 
'The early forms ot decoration tonsisted of series of lines arranged to form a de- 
finite pattern, often of a geomclrie character. Dots of various si/.es punchea 
either from the front or back weie often arranged in the same manner, roughly 
shaped hum()s were hammered up from the bai'k in thin metal and then these 
shaped bumjis were outlined on the front with engiaved lines which gave the 
form reijuired The bron/c-plated doors of .Shalmanesei II, now m the British 
Museum, and made about <S59-S24 i:.( ., are dei orated in this manner. A very 
early example of decoration by means of engraved lines is the bron/.e pin showm in 
Fig. 14 , p 158, and the bronze shield I'ig 14 on the same [inge shows also an early 
specimen decorated by />ossrs. 'Fhe silver plate or dish in Fig. 5 , ('h. vm, from the 
Victoria and Albert Museum, of a much later date, sfiows alternate decoration by 
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a similar process, and the wider range of sizes makes it most effective. The 
gold petrel illustrated in Fig. 14, nowin the gold room of the British Museum, is 
an^)ther example of the possibilities of decoration by means of different-sized 
punches of various shapes, and the finger plates shown in Ch. vn, Fig, 4, show how 

an arrangement of bosses and engraved 
lines can be made effective and suitable 
for modern requirements. Further ap- 
plications of these simple processes 
are illustrated in Ch. vii, Fig. ^5. 

Engraving is cutting a design 
with a graver or burin, but it can be 
done v\ith other tools which produce a 
similar effect. In some kinds of en- 
graving the tool is fixed into a handle 
of wood and used by hand, but in other 
kinds of work it is used like a chisel 
and hit with a hammer. In memorial 
tablets the design is cut by the latter 
method, and different-shaped chi.sels are 
used, depending on the design and 
shape* of the cutting. In some instances 
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Fio. 14. — Ancient metalwork in the British Museum. 

coloured wax is laid in the grooves or channels so formed. The greater part of 
old work, however, was cut with chisels or gravers leaving vee section lines of 
various widths. Some modern work is done with a machine called a Router^ 
which cuts away the groundwork leaving the letters or ornament in relief. 

Filigree. — 'I'his consists mainly of round wires, soldered together in 
various patterns, sometimes, with little metal balls and little leaves soldered to 
the ends of the wires, producing a most charming effect. Variations of this is 
where two pieces of ware afe twisted together forming a kind of rope, using this 
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instead of the single wire, and also where the filigree work is fastened to a back- 
ground. 

Gilding is not always applied to metalwork by electro deposition, as 
railings, signs, weather \ane^, etc., are oriiamenteil bv applvmg gold size, and 
when this becomes tacky gold leaf is laid on. This is very durable when properly 
done and good (jualits gold u^ed. It is also done in a cheaper way by using 
gold powder or imitation gold leaf, but this has to be varnished with a irans- 
jwrent varnish to last, and when this is .ifTected by the weather the alloy 
undewieath turns black. The same method is used ftir appl\ing copper, silver, 
and bron/e powders of various colours and is known as bron/ing, but it is only a 
sham bronzing 

Another method of gilding, e.illed tire gilding or mercurial gilding, is to ( over 
the article with an amalgam of gold and then lu-at to volatili/e the meiciiry ; after- 
wards dip and scratch brush or polish as reipnied. d'his is the most duniblc 
method of gilding, hut n is also the most e\j)ensive. 

Inlaying. — This very anee nt and histone method of ornamenting metal 
produced some remarkable examples of craftsmanship, iind the many pieces 
of work shown in the Hritish Museum of Sar.u enu' and Persian origin 
should he well ''tudud, so that an idea of the possibilities of this kind of 
work may be obtained. Metal can be inlaid with metal, or with (oloured 
wa.x, or with coloured stones or gems, or with enamel. 1 )amas('enmg, niello, 
and Bidri work are forms of inlaying. As for <‘xample the ('ellic finger 
plate Ch. vii, I ig. 5 ( 10 ), instead of lieing raised as shown, (oiild h.ivc 

the same design worked out with two ])arallel strips or ihre.ul 

When inla)ing wire only a groo\c ne(‘d be cut with chisel 

held as shown m Fig. 15. The wire is annealed 
and jdaced in the gr<u)\e; then the edges of the 
groove are harnmeied down on to the wire 
the work is planished U[) from the baiT and tli 
face finished off as required. 'I'he 'J'udor plate on 
p. 78 , instead of having the ro'^e einlxissed could 
have a plate of copper inlaid to the outside shajie, 
and the other lines giving the form could be en- 
graved on the copper plate after it was inlaid 'Fhc 
stars in the memorial tablet illustrated in Ch. xii are of silver inlaid, and show 
up well against the rich coloured copper. 

When wax is to be inlaid the design is cut away, leaving a wall of metal all 
round, and the wax, which should be of brittle character, is jiowdcred fine and 
the Cells filled with it, then the object is warmed so that the wax melt.s and fills 
in the design. This operation is repeated until the cells are filled ; the plate is 
then cleaned up with {luniice stone, or Water-of-Ayr stone, and polished. The 
memorial tablet shown m Ch. xii has been done in this manner. Fusible metal 
could also be used in the same manner. * 
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I'lG. 15. — Mflhod of holding an 
engraving chisel. 
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Lacquering. — Though this is a method of decorating metals it really comes 
under the finishing or preserving of metal surfaces. See chapter on “ Finishing 
Me^al Objects," p. 177. 

Metal Spinning. — This process deals with the working up of thin sheet metal 
on a lathe, and only applies to what is known as hollow ware. It is a cheaper and 
(quicker method of making such things as reflectors, tea and coffee pots, bowls, 
cups, bases for candlesticks and lamps, etc. It consists of turning a wood or 
metal chuck to the shape rccjuired, and then fixing between the chuck and back- 
centre of the lathe a flat circular piece of metal. T he lathe is then put in metion, 
and with a steel burnisher, which is in a long handle and held in the hand and 
undt'r the arm of the operator, the metal is burnished down on to the chuck, 'fo 
prevent wrinkles being formed in the metal while it is being siiun or burnished 
down or. to the chuck, a flat piece of steel is held up against the back of the 
metal by the left hand of the worker. In s[)inning deep articles the metal has 
to be fieipiently annealed. Spinning rc(|Uire> a great deal of skill and knowledge 
of materials to avoid making “ wasters,” as they are called. Spun work is olten 
further decorated by etching, that is, a design is drawm or stencilled on the spin- 
ning and the sjiaces are eaten aw.iy with ,i( id ; this is known as etched work. 
Stamping has to a certain extent supplanted spinning, but sometimes the work 
is partially stamped and then finished by sj)inning. 

Niello is the name givetr to those articles of gold and silver which have 
the design engraved, <iiul the engravtd lines tilled with a black ('omjiosition 
comjiosed of silver, copper, lead, and sulphur, which is maili' up separatel) and 
powdered very fine. 'This powder is applied to the metal with borax which acts 
as a flux ; the article is then heated, the (ompound liipit lies and runs into the 
hollows of the design. When cool the work is sciaped ovei, jiolished or burnished, 
leaving the? design m black upon the metal, 'fins method is said to be the 
origin of engraving (printing), as when testing the work for accuracy, etc., the lines 
were filled with a black substance and a jiiece of paper was pressed on to the 
surface which caused the leversed design to be transferied to the paper and any 
faults could be easily seen, 'fommaso hiniguerra was the invi*ntor, and he lived 
in Florence about the middle of the fifteenth century. He was skilled in niello 
woik. 

Piercing. — 'fhis is at'Comjdished 111 many wa)s according to the material 
and its thickness. 'Thin material can be punched or pierced by means of cutting 
dies, or pierced by cutting out the design with a hand fret saw', or a power fret- 
cutting machine. Another method is to use various shaped chisels and afterwards 
trim uj) with a file. 

1 he examples shown in Ch. viii, Fig. b, would be best cut out with a 
fret saw ; if a number were re(juirc‘d a pattern could be made m mahogany 
and castings made from it. 

Solder Decoration. — Another method of decorating metal surfaces is to 
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stencil out a pattern on the object, Till the sjxioes with a black varnish, or some 
composition that is not afTected by the flux and heat, scra[)e clean the pattern 
that is left by the stencil, and apply the flii\ and ordinary soft solder with'a 
soldering iron, then wash liie varnish olT and the tlesign in solder will be left in 
relief. 



Fig, if),- -Wooden Cow Collar with metal 
applique from Appenzcll, S\\ it/erlaiul. 


Tools of the early sixteenth century from the picture “ Melancholia ” by A. Durer. 

CHAPTER XIV 

TOOLS: THEIR EARLY FORMS & 
HISTORICAL DEVELOPMENT 

“Without tools man is nothing, with tools he is all.” — Carlyle. 

“ The smith came holding in his hands the tools — the instruments of his craft, 
anvil and hammer and well-made pincers, wherewith he wrought the gold.” — 
“ Odyssey,” Rook 111. 


INTRODUCTORY. 

The study of the development of tools is one, which, owing to the absence of 
records referring to their early uses, is necessarily difficult, and direct evolution 
hard to prove. Study of this subject shows that development of races and of 
tools may be presumed to have proceeded along \ery similar lines in different 
countries at different times. Rut it should be clearly understood that the 
definite uses of tools and implements belonging to prehistoric times is largely pure 
conjecture. To coriectly trace evolution in tooK is an impossible task regarding 
prehistoric examples, and the study of tools belonging to a particular country is 
necessarily largely conjecture in its early stages. It is, however, interesting to note 
that the “development” of tools and implements, through which may be traced 
the development of man, has, as indicated above, proceeded in very like ways in 
countries so far apart as England and Egypt. European developments, in Eng- , 
land, Sweden, and Switzerland for instance, exhibit some remarkable sequences of 
development in design and material. For the purpose of object lessons to hand- . 
craft classes the national aspects of the subject are probably sufficient, thus con- 
siderably reducing the range of the subject. It is recommended that for purposes 
of demonstration, wherever possible, large charcoal drawings be made from the 
actual examples, the drawings being made permanent by the application of some 
fixing solution and placed on rollers. 

The Saw. — The first tool to be dealt with is the saw. Its antiquity is 
indicated by niiiny classical references, and there are references in Isaiah 
to saws and planes. Illustrations of various saws from earliest times are 
shown in Fig. 1, but it should be clearly understood that these are shown as 
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interesting examples characteristic of certain peiiods, rather than an attempt to 
show definite “ evolution 

The example, Fig, 1 , No. 1, shows a chert saw of Egyptian origin, (.’hert » a 
kind of stone, which here has been worked by a curious chipping process so as to 
produce a serrated edge. 'Fhe particular ust*s of this type are not definitely 
known, but it is presumed to ha\e been chiefly for bone and nuMt ‘rawing. 

No. 2 on the same page is like the above, m the Hritish Museum It is a 
haq)oon, and was produced in a fashion similar to th.U employed in the Eg\plian 
chert ■^aw. 'Fhese belong to the European and l’'g\ptian Stone Ages respe^ lively. 

No. 3 lllu^lrates a Swiss saw, after Lubboi k, the blade of wiiith lesembles 
the first examiile, and is fixed into a wooden handle. 'The reason for tlie liole is not 
clear. 'I'he use of this tool was probably also for bont‘ and wood used in the 
early Swiss lake dwellings. 'The Kg){>tian iron s.iw, illustrated in No. .4 on the 
same page, is a pariiuilarly fine example, and appears to have bi cn suggested 
by a sickle. 'I'he blade of this implement is of iron, and it is si cured to tlic 
handle by insiulion, with an iron ferrule for extra seeiirily. 'I'lu* comparative 
absence of timber-prodiu ing trees indicates the icason lor so main early struc- 
tures being made of stone, or, as is lie(|ueiuly the lase with tombs, hewn from 
the solid rock. Authorities on ancunt b'g)ptian architecture assui that limber 
was used to a considerable extent in preliistorie times, producing in supjiorl of 
this theory evidences of stone dwellings of a later period, which have* obviously 
been ins[)ned by earlier wooden dwelling'^. 

No. 2a illustrates another Egvj)iian saw in the form of a knile with one 
serrated edge. It c\inriot be decided which is the earli(.*r of these two types, and 
their uses can only be surmised. 

'I'he illustrations Nos. (> and 7 show two saw knives of Australian origin. 
'I’hey consist of sharks’ and animals’ teeth fixed m the first c.ise b) embedding 
in gum, 'I'hey were used more as knives than saws. 

'I'he second example of this t)pe, No. 7, is a particularly interesting speci- 
men, consisting of teeth laced into a wooden handle in a most ingenious fashion. 

'Fhe tools shown in Nos. 5, 8, 9, 10, 1 1, are all of English origin. 'The first 
of the latter series is, together with No. 8, exhibited in the (iiiildhall Musiaim of 
the City of London. 

No. 5 IS prehistoric, whilst the example No. 8 was excavated in London 
Wall, and was probably attached to a handle by the insertion of the tang, and 
secured by pinning through both handle and tang, as is indicated by the example. 
A mediaeval frame saw' is illustrated in No. 10, used chiefly for cross cutting; 
“ deeping,” or splitting logs from end to end in planks, etc., was doubtless elfected 
by means of the pit saw, the use of which still remains in country districts. A 
two-handled cross-cut saw' is illustrated in No. 9. 'riiesc were used also for 
splitting small logs, the latter being fixed in a vertical position. During the 
eighteenth century veneers also were cut in this manner, as an examination of 
authentic old work will show. 'Fhe illustration No. 1 1 is of a pit saw', the use 
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of which is now almost entirely superseded by machine saws. It was and still is 
used to some extent for deep cutting a log from end to end. The log is wedged 
above a “pit'’ or well hole, and one sawyer is above the log, the other below. 
The cut IS made on the downward stroke, and it is necessarily a tedious process 
compared with up-to-date vertical frame sawing, by which twelve or more cuts 
can be made simultaneously thcrjugh a log 2 ft. and upwards in diameter. 

No account of saws, however brief, would be complete without mention of 
Japanese saws. 'These are fashioned as illustrated in Fig. 2, and, as v\ill be seen 
from the diagram, the teeth are spaced in an opposite direction to those of 
Engli'-h saws. 'They resemble large carving knives, and the cut is made on the 
back\\ard stroke instead of on the forward one, as is the ca‘'e with the English 
pattern. Native Ja()anese craftsmen are remarkable adejits in the use of these 
tools, some of which have teeth on both edges, thus combining two grades of 
cutting edges in one instrument. In the i’ltt-Rivers Collection at Oxford are 
some interesting models ot these tools. 



The Chisel. — Tin* term is deriNed nom llu' French uord “ciseau,” the 
Latin “se(o” (1 mit) ha\mg d similar meaning, and may safely be sup[)osed to 
have been jirai'lieally the tu>t tool Used by piimitive man. It is the lorerunner 
of the plane, and the leim indudes generally gouges, turning O'lols, and various 
metahsoiking tools In the Hiitish Museum and other eollei lions then* aie 
many existing examples ot implements belonging to the early Stone Age which 
were probably used for “chiselling ” and like purjxises. Of these may be men- 
tioned a “ choj)ping tool ” found at Stoke Newington and a primitive “doulile 
chisel” found .it Les Eyzies, Dordogne, Fiance, both ol which arc in the 
British Museum. I'hey aie necessarily of a very simple and crude character, 
being only roughly shaped pieces of [)ehhle. 'The Neolithic, or Liter Stone Age, 
marks a very consider.ihle advance in tool production ; methods of hafting were 
introdiK'ed, and the processes of grinding and polishing the stom- hladt's led the 
way to the adoption of other materials than flint and (juart/ite, the two latter 
being the chief materials employed up to this time. Reference to Fig. 3 
will show two good examples of Neolithic celts of flint. One resembles a 
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“ gouge ’* and the other a “ cold chisel Yhe uses to which implements of 
this type were put can only be conjectured, but whether used for breaking clods 
of ’earth in agricultural operations or as weapons of defence or sustenance, the 
process involved would be that of “chiselling,” the implements being based 
upon the action of a wedge, which forms the basis of cutting actions in 
planes and chisels alike. Hafting proceeded differently in various countries, 
one interesting example in the British Museum — of Swiss origin — showing 
a small stone axe fixed into horn and then mounted in a wooden haft. The 
centre ])art of horn was introduced in order to lessen the risk of the handle 
splitting. In Fig. 3 is also shown two fine specimens of Scandinavian gouges be- 
longing to the Neolithic period. We now come to a stage, approximately some 
five thfiusand to six thousand years ago, which marks the introduction of metal 
into the manufacture of primitive tools. 'This period is known as the Bron/.e 
Age, and it is remarkable also for the artistic character of its productions as 
well as tile extraordinary moulds used for casting the implements. Authorities 
agree that the use of broiue, strangely enough, preceded that of iron. Early 
celts of the Bronze Age are really metal copies of their Neolithic prototypes ; 
they were probably used more as axes tlian as chisels, as we understand the 
term. There are many evolutionary stages before the t>pe showai in Fig. 3 (5) 
was reai'hed, the expansion of the blade towards the cutting edge is accounted 
lor by the hammering out necessary to harden the edge. The hafted celt shown 
in Fig. 3 (5) IS drawn from an example in the British Museum, and the haft is 
not the original one. Both the types show'n m big. 3 (5, 6) are known as 
socketed celts, that is, a socket which receives the handle is made in the butt 
end of the implement, this being effected by means of core casting. In some 
cases a loop or ear-piece was provided — as is the case with Fig. 3 (6) — which 
jiresumably was bound for greater security, d'hc example shown in Fig. 3 (7) 
IS an earlier one, a cleft stick received the celt, which was more firmly secured 
by binding with thongs of hide. Socketed celts of various types may be con- 
sidered as the latest development of the implement in prehistoric times, although 
there are many spear-heads and swords still existing which indicate the develop- 
ment among implements of war, A big jump is now necessary, the next ex- 
ample shown being a relic of the Roman occupation of Britain, see Fig. 3 (8). 
'This specimen is now' in the Pitt- Rivers Collection at Oxford, and ( uriously 
enough, it is made on almost identical lines to the implement illustrated in Fig. 
3 (5). It is obviously of wrought iron, is octagonal in section through the iron 
socketed part, tapering away to a he.xagonal shape at the cutting edge. This 
w'as found in 1863 during excavation at the corner of Great Winchester Street, 
London Wall. There is also a fine example, similar in general character to it, in 
the Guildhall Museum. 

The mediteval iron chisel illustrated in Fig. 3 (10) was found at Wapping, 
and belongs also to the Ron^ano-British period. It was probably used for stone 
dressing, as may also have been the curious spoon-like gouge illustrated in Fig. 
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3 (ii) also belonging to the j>eriod ‘last mcntionoil. In Fig. 3 (9) is illustrated 
a remarkable chisel, a hand ad/e, Irtiin the l’itt-Ri\ers Collection. It has a 
short steel blade fitted into a haiulle ot (*Ik horn elaborately ('ar\cd. d'wo pieces 
of hide are attai hed to the stem jurt in order to protect tin* kiuu'kles when 
using the chisel. It wa^ u^ed with a chopping .ution lor sh.iping canoe'^. An 
interesting nati\e Japani.se thl^el illu'vti.ited vn .Fig. 2 is consinu leil on the 
socketed jirinciple, and similar in guiei.il outline to the examjile, h'lg, 3 (S). 

rilF lAOFUnON OF rHK HA.MMKR. 

In I'lg. 4 an altein{)l has 'oecn iii.ide to show the gradu.il develo|)iiient of 
the ordinary hand haniiiiei Irom the e.irlu'si known tvjH's. The illustrations 
show broadly the v.irious stagps it has passed through and the many methods 
adopted tor altai lung the head to ilu' shall 01 h.mdle As in all hum. in iiuen- 
tions progress has lieen niadt in a st iks «)l sti'ps 

'I'he hammer, a tool ot jitut ussion, is iln* most wiiU-ly used ol all tools. The 
prototype of the hammer is of (oiiisc found in tlie climdual fist, .1 tool 01 a 
w'capon ac( ording to < in umstam es, ami one that man soon learned to use. 
When he tound that this was not li.ird or powertul enough he woukl naturally 
look around for something better, and tliK he found in rounded jiebbles These 
were used hy jjriniitive man tor many piir[)oses, and it is only when tlu* stone 
was ('hi[)peil or marked by blows laused through working on .1 h.irder material 
that It can he recognized as h.i\ing been use<l as a hammer. 

F.g 4 , No. I, shows a j)ieee of Hint tliat has betui used .is a hammer. 
It w'as held in the hand .ind is known .is .1 hammer stone. .Some h.immer 
stones were ov.d in torm, .ind others h.id pits or (lejiressions chipped out of both 
sides for tlie thumb and linger to lit into so that .1 better giasp could be ob- 
t.ained. log. 4 , No. 2 , shows a h.immer lie.ul ot deer horn with a hole lor tlu* 
handle, 'rhis is in the British Museum and was tound in a British barrow in 
association with a burnt body .it Lambourn Downs, Berkshire. In the (iuildhall 
Museum there are some liammers compK te with handles made from the antlers 
• of the red deer I'lg 4 , No. 3, is .in oval stone h.imnu“r grooved for the {pur- 
pose ot lashing It to a handle. Simil.ir forms were* used as net sinkers, as is 
indicated by names and desirijition in the Bitt-Rivers (folleclion at Ox- 
ford. Fig. 4 , No. 4, IS from the Ilormman Museum, and was held in the 
hand, 'I’his comes liom Vancouver in North Amc'rica. A similar ohjtct 
was used m 'Fahiti for pounding bre.ul fruit and c alleda jiounder. h'lg. 4 , No. 5, 
is a quart/ite hammer made troni a pebble, and the lude has been made by 
pecking or drilling a pit on either side until the two de[)rLssions met. For 
drilling the holes the drill was simply a stick twirled betw-een the palms of the 
hand and fed with sand and water (sec Fig. 6). Some of the European 
specimens were perforated by means of a piece of can^ twirled between the hands 
and fed with ‘.and and water as illustrated in Fig. 6, No. 4. Fig. 4 , No. 6, is a 
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decorated hammer head, and was prohal)ly Aot used for serious work. There is 
in the British Museum a broken portion of a stone hammer decorated with a 
number of lines arranged to form an all-over pattern, and perforated for the re- 
ception of d shaft; this was found in a M\cena;an tomb that dates back to 
about 1350 i!.( . Fig. 4 , \o. 7, is a stone hammer that was found in the 
T’hames. Fig. 4 , Nos. 8 and, 9„illustrate hammers of cast hron/e hollow at the 
tof) end for the insertioti of a shaft. d’hat shown in No. 8 was found at 
rhorndon in Suffolk, an<l No, 9 comes from Ireland, The round heads shown 
in No. 9 are simply decorative log. 4 , No. 10, shows a limestone mould for cast- 
ing hammer heads. .At the bottom of the mould a depression will be noticed. 
'This was for the recc'jilion of a core or< ir('ular piece of clay or soft stone, so that 
when the metal was jioured into the mould it w'ould flow round this ('ore, and 
wlien the metal had solidified and was removed Jrom the mould and the core 
taken out a hole would lie left ready for the shaft, l^'ig. 4 , No. 11, is a cast 
bron/e hammer head about 7 in. long and 3 1 in. in diamctei and has 
been iniu h used. f'lg. 4 , No, 12, is an iion claw hammer prai tically the 
same shajie as the modern tool. Fig. 4 , No 13, is also of iron, and it has a thin 
pene and a rectangular lace. log. 4 , No 14, is a (lerman ('law hamm( r with a 
s(iuare la('e and the claws rounded on the top and de( orated on the sidt s w’th 
engraved lines and dots, log. 4 , No. 15, is a modern example of an enginec'i’s 
or filter’s hammer madi* of steel with hardened fact* and pene. In the Guildhall 
Mus(‘um theie arc* two h.immei heads of interest, one is an iron war hammer, or 
as It is ('ailed, Maitel de h'r, of the fifteenth century. It is similar m shape to our 
jiresent-day double s(|uare f.ice jilamshing hammer, with the e\('i ption that the 
faces have nine {)ro)ecting spikes about half an incli long, thus making it mort' 
of a club. T'he othei is a Koman (law hammer of a peculiar sha[)e and made of 
iron. This was found at Austin Fiiars. 

1 low’ the hammer sloiu; beiamea hamnur hciid is not known, but nearly 
all the stone-headed hamnKTs from vaiious ('ountiies show ver) simple methods 
of hafting, and the smith of to-day holds various tools in the manner that was 
usual in the early centurus. 'The illustrations loiming lag 5 show various 
methods of halting, so that a huger .imount ot power can be obtained without * 
hurting the arm or wrist. In Aiistialiti the Aborigines fixed the stone head ot 
their hammer to a handle m.ide from the small branch of a tree, with a kind of 
gum (^r ('ement (see Fig. 5 , No. i). Fig. 5 , No. 2, shows how the head, which 
has a groove round the centre, vvas fastenc'd by means of moistened strips of hide 
which I'ontracted in tiie drying, so binding the stone Iw'ad firmly to the handle. 
In F'ig. 5 , No. 3, the head is wrapped round twice with a flexible branch and 
tied with split rattan. Fig. 5 , No. 4, is a stone hammer head with one flat side 
fitted to a piece of a tiee from which a branch has giown out at right angles and 
the stone head is tied on with sennit cord. T'he head of Fig. v 5 . No. 5, is 
attached to the handle by means of a leather thong. Sometimes the handle and 
binding is in one piece, as when it is made of substance like w'halebone or horn 




Pjo. 5. — The evolu*-''-' of the hammer. 
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and tied round the head and then round the shaft while in a pliable condition. 
When it dries, it hardens and is practically irreiiiovable. Fig. 5, No. 6, shows 
a haft of flexible wood cut away and then IxMit round the head and pegged 
down. Fig. 5 , No. 7, is a right-angled branch and the end is fitted tightly 
into the hole left in the liron/e haniiner head. It is tied on with sinews or 
strips of hide. These bindings uere very often done in quite a decorative 
manner. In Fig. 5 , No. 8, a piece of wood is weilged into the haniiuer head 
and this is fitted to a shiped shaft that has a rectangular hole in it. 'flu* piece 
of woo(i with the hammer head fixed to 11 was put thiough tlie hole .nul kept 
in position by a tajXT wedge. log 5 , No. n, has a holo right through the 
hammer head wiiich is of bion/e, and the end ot (he sh.ill i'. split .nul a sim[)le 
taper w'edge of \sood driven in. In log. 5, No. 10, a withy, or willow branch, 
is wound twice round the cold sell and an iron coupling or ring slipped on. log. 
5 , No. II, shows a modem huthod of holding a flatter. A piece of in. 
round iron is made red hot and bent twice loiind tlu‘ flatter so that 
when it cools it holds the tool firmly. Two holes .ue then dulled close 
together in a hammer sliaft, the ends of the rods .no lu iit .it right angles and 
put through the holes in ilie sliaft, bent ovei and elmelud. A (ollar from 
J X in. iron is then made and shrunk on. log o, No. 12, is .1 modern 
method of fixing an engineer’s lummer to the shaft. The shall is fitted to the 
eye and then cut down with a saw parallel with llu* head. A widge of iron is 
made with a number of burrs thrown up on the f.Kos and edges with a diamond- 
pointed chisel. When the wedge is drive. 1 in the buns ( atch m the wood and 
the head does not readily work loose. I'liis kind of hammer is made heaviir at 
the face than at the pene end so that it will naturally assume a [>osition in the 
hand with the face downward, so icheving the user from the necessity of spec 1- 
ally forcing it into that position. In u^ing a hammer it is essential to sUuly the 
difference hetw’cen a sharp blow with a light liammcr and a slow lilow with a 
heavy one, the former [lenet rates the farthest and gives least lateral pressure, 
w'hile the lattei penetrates less and spreads more. 

Of modern hammers theie is a great vaiiety, and a volume could he written 
, on this subject alone, lor each particular trade has its own set, and a set comprises 
any number. There are also the mechanically operated hammers, such as the 
trip or tilt hammer, the steam hammer, and lire pneumatic hammer. When one 
considers all the hammers, from the tmy ones used by the jeweller to the mighty 
steam hammer with its hundred-ton blow, we are bound to marvel at man's in- 
genuity. 

Forms of Drilling Appliances.— A tool or appliance for making a 
hole is a world-wide necessity. So early was the need felt that the drill is 
of unknown antiquity, but the reprod ictions on the next page show a few 
methods and appliances in use in var.ou^ countric-y, and at various times. 
Fig. 6, No. I, shows a bone perfoiator in use m the Neolithic ages. I’his 
is in the Hormman Museum. Ail the early needles *for sewing w(*rc of some 
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sort of bone or horn. Fig. 6, No. 2, is a “ Firedrill,” and although it does 
not bore a hole as we understand the term, it could be used to make a hole 
when other appliances were not available, and was the primitive method of 
getting fire before the introduction of flint and steel. P'ig. 6, No. 3, is a drawing 
of a bow drill from the sculptures at Thebes, and as this city was at the height of 
its prosperity in 1600 to 800 b.c., some idea can be gained of the age of a tool 
for drilling holes. In the Pitt-kivers Collection at Oxford there is a drawing, 
taken from a fresco in Fgypt, of a man using the same kind of drill, and boring 
a hole m a chair with it, the worker sitting down on a stool while boring. In 
the Horniman Museum there is a fire-making l)0w drill, the bow of which is the 
rib of a walrus, and the thong of hide. Fig. 6, No. 4, shows the ancient method 
adopted for boring holes in stone, but it must have been very laborious. In Fig. 
4 some hammer heads are shown which have been perforated in this manner. 
Fig. 6, No. 5, is known as a mouth or strap diilf for fire-niaking and has been 
used in Alaska, North America. The shaped piece at the top is held between 
the teeth, and in some instances a piece of bone or stone is inlet to take the 
point of the rod and so prevent it shp[)ing or filing by the circular motion. 
The strap is simply a piec'e of hide tied round [>ieces of hone that can be held 
conveniently in the h.uul. 'The ( inuilar motion is obtained by [lulling earli 
end of the strap alternately. Fig. (■>, No. 6, is a pum[) dull of very primitive 
constiuction ; the c'entrc' rod is a [iks'e of cane with a ciidilar piece of wood 
calk'd a whorl wedged m position. The < ross bar is a flat jiiec'e of wood with 
a hole to take the rod, and the ends lire held by a piec e of skin tied to the top 
of the centre lod. 'I'he point or dull is a [iieie of shell tied on with a [liece of 
wet skin which in dt>ing conlrac'ts. 'The motion, whu h is backwards and for- 
waids, is obtained by holding and woiking the (Tos«, bar up and down wdth one 
hand ; this was in use among the Pueblo Indians of New Mexico. 'Pho same 
pattiun is now used by saw’-[)ieicers, jewellers, and china drillers, the only diderence 
being that they are made with a steel downrod and a brass w’horl, the cross bar 
being connected by a thin cord. A similar drill used by jewellers, called a centri- 
fugal drill, is ananged to turn continually in one direction, and instead of a solid 
brass whoil, they have a bai going thiough the down lod with a solid bra.ss ball 
at each end, and the motion is obtained by the same action as in the Archimedean 
drill in Fig. 6, No, 9. 

Fig. 6, No. 7, is a wo )d biace, made in i 760, to be seen in the Pitt-Rivers 
Collection at Oxford. 

kdg. 6, No. 8. — T'his is a bow or fiddle diill of wood and of Indian manufac- 
tuie. It is modern woik, nicely made, and of good shajie. The cutting edge 
of the drill is peculiar, as it is in the form of a vee, so it has a scraping action 
when in use. This form of drill stock is at the present time largely used for 
certain work, and it is called a fiddle drill. In the above-mentioned collection 
at Oxford some [irimitive lathes based on this foim of drill are to be seen. 
'Phere is no doubt that this foim of dull suggested our lathes, through such 
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forms as tlie old tree lalhe, the spring pule lathe, and Ber^on\ lathe, all which 
work on t)ie same simple principle. 

Fig 6, No. 9, is the simplest form of an Archimedean drill, named, it need 
hardly he pointed out, after the supposed inventor of the sciew, .Archimedes, who 
lived 250 H,c. rhis drill stock is of stjuare iron twisted, aiul the travelling hiind- 
piece of gunmetal is cast on. The top works on a tenon on tlu' twisted rod. 
The Ixittom of the rod has a sipiare hole to hold the tirills. 

Fig. h. No. 10, shows a hkkUtii hand or.hreast (lull geared to two sjieeds. 
It has a«uni\ersal three-jaw ( hiu k to hold the dull 1 lu* oiigmal ones of this 
pattern were ( ailed Millar's f .ills diills, alt(*r th(* pla< e wIumc lh<‘\ were made. In 
addition to the al)o\e diilK .ind mated. ds iisi'd as drills, opeiations have' re\ealed 
that tubular drilU s(‘t with enH'ry W(‘re u^ed in .uk umU Fgspt. Neisiless to s.iy, 
diamonds hav<.‘ leplaccd emery in the modem tlevelopmeiU of tlu‘ tuhiil.ir 
drill. 



CHAPTER XV 


SUPPLEMENTARY PROCESSES AND DATA . 
FOR OBJECT LESSONS ON METALS 

HAR1)I<:NIN(; and 'FEMPERING of metals. 

This may be accomplished in many ways accordinj^ to the nature of the material. 
Nearly all metals can be hardened by rolling, hammering, stretching, bending, 
or by the addition of other metals. Tliey can also be annealed or softened by 
heating to various temperatures and subseciuent cooling. 'I'he longer steel is in 
cooling, within reason of course, the softer it becomes. What is known as spring 
brass, hard-rolled copper, and hard-rolled phosphor bronze, are hardened by 
rolling. Wrought iron and mild steel can be hardened by case hardening, i.e. 
the surface or skin is hardened and the interior left soft. 'Fhis is a most useful 
combination in many instances. It is done as follows: The article to be case 
hardened is placed in an iron box containing substances rich in carbon, such as 
powdered charcoal, horns, bones, leather cuttings, etc. ; tlie box is then luted up 
with clay and made airtight, put into a furnace and kept at a red heat until the 
objects have absorbed sufficient carbon. This may take from one hour up- 
wards. The objects are then dumped into a tank of water which is kept agitated. 
Small objects may be case hardened by heating to a red heat, then rolling in 
yellow prussiate of potash, which fuses on the surface; on being reheated theo 
mass is quenched in cold water. This operation has to be repeated until the 
necessary hardness is obtained. Cast iron can only be hardened by being chilled. 

Carbon Tool Steel can be hardened, tempered, and annealed, and these 
properties make it universally useful. It can be hardened by heating to a bright 
red heat and quenching in water, brine, oils, fat, wax, lead, and mercury. But 
the various kinds of tool steel vary as to the heat required to obtain the best 
results. Tempering is bringing the hardened steel to a temper or proper degree 
of hardness or toughness by reheating after hardening. The temper is judged 
by the colour of the film of oxide on the brightened surface. It is always 
necessary to brighten the tool after hardening. To anneal is to soften by heating 
and cooling slowly by burying in ashes or lime. The oxides seen in colours on 

(17-2) 
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the brightened surface of steel while*it is K-ing temperctl are combinations of the 
oxygen of the air with the metal. 

Non-Tempering Steel. — This is simply carbon tool steel vshit h is used 
for chisels and like tools ; it is hardened by dipping right out in cold water fuim 
a cherry red. and as the name implies it does not have to Ik‘ tempertnl. 

Point hardening is a method sometimes adopted for haidening i hisels and 
similar tools and is condueled as follows : 'I'hi* chisel IS luMteel fe>r about 2 in. 
from the cutting edge; the point is placed in water to a de|)th ed three-<[uarters 
of an inch until colei ; the chisel is then taken out anel the peiint is rublfed with 
a piece of grit stone until hiiglu ; the heat fiom the remaining portion runs hack 
to the point, and when the cutting edge is the light colour it is cooled light out. 
In oven tempeiing, o\ens are used for tempeiing toeils right through and in some 
cases is preferable. The ovens are \ery reli.ihle and c.m he he.iled to any known 
degree of lemperatiue. In sniall shops wlure exptnsive a[ipliane<*s are not 

available, tempering is done with a g.is hlo\vpi[)e or on a sand hath, w'liuh is 

very useful and simple. A metal box is filled with fine sand and pl.ieed on the 
fire or a gas sto\e 'i'he tool is hai(kned and hriglUtned and then liid in the 
hot sand and tiuiu'd o\ei aiul o\er until the ( oik i'I temper is ohl. lined. Anothei 
method is to heat a piei e of non and lay the tool on it. Lead, tin, and 

bismuth, alloys arc also used, A hath of tin* molten nu l.il is made and the' 

ailieles to 1)0 tempered are inmu-iseil in it. 'I'he molten metal can Ix' tt'sti'd 
w’ith a pyrometer and very aecuiate tempeiing can he aiTomplished. Por very 
small tools a piece of pipe ('an he made hot and the artu'U' held insidr until the 
right colour is obtained. Self-hardening or air-hardening steels ow(‘ their hard- 
ness to the piesence in them of chromium, tungsten, or molybdenum. 'J'hey 
are forged at a briglit red heat, and to harden them the cutting edges of the tools 
are heated to a while glassy heat and cooled l)y a blast of (.old air. 'Phis treat- 
ment would ruin ordinary carbon tool steel. 


Tempering Scale. 


Colour of 0 \ iiie. 
Light )ell()w 

Yellow 
Dark yellow 
Brown 
Dark brown 

Brown with [lurple spots 
Light purple 

Dark purple 
Dark blue . 


Tools. 

For files, scrapers, engiaving tools, and lathe tools 
for hard cast iron and steel. 

Lathe tools, dies, planer tools for iron. 

Milling cutters, dies, punches 
'Paps, cold chisels, shears, scissr^rs. 

Centre punches, .scribers, drills for brass. 

Axes, planes, twist drills. 

Chisels for cast iron, large shear blades, table knives 
cold sets, saws for metal. 

Hand and pit saws, screw-drivers. 

Springs. 
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ME'rilODS FOR DISTINGUISHING TOOL STEELS FROM MILD 
STEELS AND WROUGHT IRON. 

By fracture or cx.imination of the giain — 

Wrought Iron has a rough fibrous fracture. (loo l qinlity wrought iron 
lias a fine fibrous fractuus Outside apjiearance is of a dull black colour with 
1 eddish scale. * * 

Mild Steel has a grey-white colour with small polished grains intermixed 
and not fibrous like wrought iron ; inclined to be granidar and silky in appcjarance. 
Outside appearance is of a bright black colour. 

Cast Iron has a dull grey granular ap[)earance, and the grain varies ac- 
cording to the quality. The finer the grain the better the quality. 

Tool Steels have a grey-white granular appearance, and the better the 
quality of the steel the finer the grain, until with 'air hardening steels the grain 
has a silky appisarance. Outside appearance is of a very bright blue-black 
colour. 

Shear Steels have a coarse granular appeaiance with white faceted grains 
closely mixed, and it does not break with such a clean fiacture. These steels 
can be welded. 

Burnt Iron or Steel is very brittle, coaiso grained with very bright 
facets mixed with dull grains. 

To fr.icture the metal, nick it with a chisel, file, or emery wheel, then break it 
Doubling Over Test. — if wrought iron is doubled over on itself . 
and then hammered fiat at the bend it will partly break 0[)en and show the 
fibre; mild steefi does not break when treated in this manner. 

Drop Test. — Tool Steels have a very high-toned ring when diop[)ed 
on a stone floor, d'he hauler the steel the higher the note. 

Mild Steels and Wrought Iron have a lower tone and a dull ling. 

Cast Iron has a veiy dull and dead sound. 

Heat Test. — Heat to a bright red and quench out in water, then try it 
with a fil(^; if it cannot be filed it is carbon tool steel. 

Spark Test. — Hold the piece of steel on a dry emery wheel and notice . 
the colour and shape of spark. 

Mild Steel. — A long, narrow, and bright spark. 

Tool Steel. — A bright star-shaped spark. 

High Speed or Alloy Steels. — A dark red pear-shaped spark. 

High Speed Steel can hardly be filed at all when in its natural state, as 
it is very hard. 

'The methods above mentioned are rough and ready, but the necessary 
apparatus for testing in the proper manner is not always to hand. 

Warping and Cracking of steel is caused by improj^er treatment w hen 
being foiged, insufficient annealing (setting up internal strains), not heating 
thoroughly when preparing for hardening, or heating too quickly. 

Warping in hardening is caused by one side of the article being cold before 
the other, or the thin side, becoming cold before the thick side, so distorting 
the object. 
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('ASTINC, OR I-OVNl>lN('. 

the art uf working iixtals l>y pouring thcin wliilc in a fluiil condition into 
moulds whore tliC) solidify and harcVn into the foini of the nuniUl they fill. It 
is the most important of the operations !>) which uietalsarc faslnonoil into orna- 
mental and uselul form'-, although in pradue some metals cannot be cast. It is 
an art that has been known and practoed frtuu veiy early times In tlte Victoria 
and A?l)ert Museum there is some cast bron/c coinagi* belonging to tlu^ Chou 
dynasty dated ii.’2-i225 it (\ In the ro»un of (lri< k and Roman life at 
the British Museum there is a limestone mould tor easting metal which was in 
use about the eiglilh eeiilury, it.e., a bron/e mould for palstaves (a kind of axe), 
and a stone mould for casting, liammer heads. 'This last is illusti.ited in f'h. \iv, 
f. 4. Nos. 8 and 9 on the same page are bion/e castings of an early date 

I'lu're are many operations in cabling, and the artu le lobe prodiued is 
now' seldom made, moulded, and cast by one man, as w.is the case when Ihiv 
venuto Cellini modelled his figure of IViseiis, and duet ted and helped in the 
casting of It. 'I'he most important opeialions in casting au' making the pattiTii, 
making a mould Irom this in sand or some other suitabh' maleiial, and iiu-Ilmg 
and pouring the metal into the mould Ikilteins are usually m.ide outside the 
foundry or in the patternmaker’s sliop, (juite distiiut liom the loundry. It is a 
woodworking trade, and the pattern-makei should ha\e a knowledge ol nu'tals 
and of foundry [irai'tRe. lion is praitually always cast in an non foundry, 
w’hile all the non-ferious uutals and allo)s .iie imsI in what is (.died a br.iss 
foundry. 'I'he tendency ot tlie times is to speciali/e in one partii ulai metal or 
group of metals, and by so doing belter (.istings at .1 < heapei late an* obtained. 
Patterns are m<ide either in mettd, wood, pkistirof Pans, or wax, I’atterns 
w’hieh must be hollow ha\e cores m.ide of s.nid and shaped in c oie boxes. 
Moulds for e.isting metal are m.ide of s.md, metal, or a mixture of plaster ot Paris 
and brick dust. When sand is used it is contained in an iron fiame ( .died a flask ; 
this flask consists of twa^ iron frame-, whith fit together w ith pegs .ind eyes, the 
pegs on one frame the ejes on the other. 'I'here is grec'n-saiid moulding wliich 
is moulding in sand that is not dried, and dried sand moulding, wheri* the mould 
has to be dried or baked in an oven. Large iron castings are cast in a loam 
mould, which is often made Iry being “swept u{) When tiu' olijcf I is circular 
a piece of flat wood made to the shape rcipiired and pivoted on a centre rod and 
revolved against a mass of sand cuts or “ sweejis up” the mould, (aires are 
also made by sweeping up. 

When the surface of an iron casting is wanted extremely hard, as in the 
case of car wheels, or rolls, this [lart of the mould is made of iron, so that when 
the molten metal flows against the cold iron it is chilled and hardened. Sand, 
owing to its cheapness, porosity, and refractoriness, is the best and most con- 
venient material for moulding. It.s poiosity allows for the escape of the gases 
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generated, while its refractoriness keeps it in shape when the molten metal is 
poured into the mould. The best moulding sand is found along the banks of 
laVge rivers. For repetition work moulding machines worked by hydraulic 
power or by hand have displaced hand moulding and are now largely used. 

Another method of casting, known as “ Cire Perdu or the lost wax pro- 
cess, is used for the best class o^ figure work, not the bronze figures one sees 
sold with clocks and marked at ^2 17s. 6d. the set. These are mostly cast of 
zinc or i^ntimonial lead, in what is known as a slush mould. A good illustra- 
tion of the lost wax process is shown in the Indian section of the Victoria 
and Albert Museum. It is a sand mould containing a cast brass curb chain 
anklet ; a model of the anklet is first made in wa.x, each link being unconnected 
with the others except by a narrow band along the top. The model is gradually 
encased with the licjuid composition which forms jthe mould ; the metal is de- 
posited in a crucible attached to the mould and the whole is placed in the fire. 
The action of the fire destroys the wax model, the wax being absorbed into the 
mould, which then retains a complete impression of the anklet, each link being 
separate from the other with the exception of the nanow band at the top. 
When the metal is ready the whole affair is reversed, the hot metal fills the im- 
pression left by the wax model, and when the band connecting the links is filed 
off the anklet is left in the form of a chain. This object is from Rajputana. 
The candlestick on p. 94 is an example of cast and turned work, and the 
method of making it is shown on the page following. 

Castings and wood patterns showing how the patterns would be made for 
various objects are illustrated in Chs. vii and ix. 

The Dutch chandelier (Ch. xii, f. 8) is a good e.xample of cast and turned 
work. The handles (Ch. v, f. b, Nos. 10, 11, 12) would have to be modelled in 
wax and then cast in plaster, or carved in wood. It would be better to have 
these cast in “ fine cored brass,” that is, the mould would have to be faced with 
some very fine parting compound such as French chalk, which gives a fine outer 
surface to the finished casting, and cored. It is cored by having .small pieces 
of moulding sand fitted to the various undercut parts so that they will come 
away and the pattern be withdrawn and then the pieces of sand called “ false 
cores ” are replaced so that the mould is perfect and ready for receiving the 
metal. The majority of patterns received by founders from arti'^ts are in plaster, 
and off these plaster patterns piece moulds are made in sand. 

The metal used in an iion foundry is usually melted in a cupola furnace, 
but other metals than iron are melted in crucibles which are placed inside a 
furnace heated by gas, coke, or oil. Modern furnaces are mostly heated by gas 
or oil, and can be tilted so that the metal may be poured into the ladle or mould 
direct, thus saving the trouble of lifting the crucible full of molten metal out of 
the fire by manual labour. Crucibles are made of plumbago, graphite, fire clay, 
etc. The plumbago crucible consists of equal parts of clay and graphite. 
Owing to the great differences in characteristics and faults which are inherent 
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in the metals themselves, a knowledge of metallurgy’ is very necessary for the 
successful casting of metals. 1 he most common faults in Gistings are * 

Blow Holes, caused by the gases not getting away. 

Overshot Castings, caused by ludly fitting flasks. 

Oval Castings instead of round, owing to the moulds being pinched 
together too lightly. . . 

Seared Castings, caused by the mould being too hard and not allowing 
the metal to shrink. 

hnperfect Corners, owing to the metal bcdng poured at too low a tempera- 
ture or the corners of the mould not being pricked to allow the metal to run up 
sharp. 

For the shrinkage of metals in castings .see pp. i 27-1 28. 

CLEAxNlNG, FINlSHINt;, AND PRFSKRVlNtr OF MK'rAIAVORK. 

Man) of the articles shown in these pages could be made of biass, bion/e, 
eo[)[)er, German silver, or similar metaK, and it must not be foigotten that finish 
is most imj)Oitant, but this depends on the possession of good taste by the 
maker. 'I'he finish chosen must suit the object and its surroundings. 'Fhe colour 
should be uniform and beautiful and .should be conbisleiU with the metallic 
character of the work, d'he necessary ste[)S to be taken for pn paring the work 
ready for colouring or finishing are numerous. Thorough cleaning is carried out 
in the following manner : The object should be held by a piece of copper or brass 
wire, or by brass tongs, etc., so that it is not stained by the hands. It is then 
boiled in a solution of caustic soda (i 11). to the gallon of water) to remove all 
grease, dirt, or old lacctuer. [N.Jk — A i tides of aluminium, tin, or zinc must be 
treated with care, as they may be partially dissolved by this liquid.] The object is 
then well scoured with fine wet sand and well washed in running water. It is 
placed in pickle to soak for one to three hours, according to the strength of the 
pickle. (This is spent, dip with water added.) Then it is washed and scoured 
with sand and water, washed again in cold water then passed through boiling 
water. It is then run through the old dip, then through the bright dij), through 
three washing waters, and finally through boiling water. It is necessary that the 
object should be quickly dried, and this drying is done by shaking it about 
quickly in plenty of hot sawdust. 

The above applies to all copper, brass, bron/e, and similar metals. The 
object is now ready to be bronzed, as described on.p. i54) scratch brushed, 
polished, or electroplated. For scratch brushing a brush made of fine brass 
wire is required. Hand or lathe .scratch brushes can be bought. I he work is 
brushed with this and stale beer or water and vinegar. It is then well rinsed in 
two washing waters, finally in hot water, and dried in hot sawdust. It can now 
be relieved or lightened up by burnishing with a^ steel, agate, or bloodstone 
burnisher and stale beer, wiped off and lac(iuered. If the object is to be 
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polished, it may be pressed against a revolving calico or other mop or bob fixed 
on the spindle of a polishing head which revolves at a very high rate of speed. 
The mop or bob may be of leather (rhinoceros or walrus hide, which is some- 
times called bull neck), felt, calico, or wool, and fed with carborundum, emery, 
sand, bathbrick, tripoli, rouge, lime, tallow, etc. Mops or bobs are made in 
various sizes, but are not usually, larger than about 12 in. diameter and 2 in. 
thick. After being polished the work is usually greasy. The grease is removed by 
washing in two or three baths of paraffin or benzene. Nearly all metalwork after 
finishing and colouring should be lacipiered. Lacquering may be accomplished 
by dipping the at tide into a vat of lacquer and drying in a special room or oven, 
by putting the lacquer on with a brush when the w’ork is hot or cold (depending on 
the lactpuT), and drying, 01 by spraying the lacquer on with a patent air spray 
or brush as it is called. Lacquer is a thin spirit varnish made in vaiious colours. 
It is generally shellac dissolved in alcohol and coloured with dragon’s blood, 
turmeric, saffron, etc. What are known as cold laccpiers (all of which are patents 
and go by fanc y names) are made with amyl acetate and coloured with aniline 
dyes. Many of these laccjuers smell like essence of pears. It is essential that 
the work should be free fiom all dirt, dust, grease, etc., btdore being lacquered. 
Skill and artistic taste are reejuired foi the blending and lacc^uering of metallic 
objects. Figure work is sometimes brushed over with white paraffin wax or 
beeswax. 

Iron and steel articles, structures, etc., aie irreserved from rusting by gilding, 
painting with oil colours, or coating with another metal which is not affected by 
the atmosphere, such as tin, zinc, cop[)er, nic'kel, etc. Before being protected 
by painting, ironwork should be hcMted sufficiently to dis[)el all moisture, and 
W'hile hot should be painted with a coat of boiled linseed oil applied at a boiling 
heat. After twenty-four hours this operation should be repeated, and then the 
colour coats ai)plied, or it may now be gilded after the necessary sizing. Tin 
plate is \vrought iron or mild steel sheets, thoroughly cleaned, passed through a 
bath containing molten tin with about 4 in. of tallow on the top, then through 
rollers which squeeze off the surplus tin. The plates are dried in bran. Iron is 
galvanized or coated with zinc by hot galvanizing, electro galvanizing, Sheraid- 
izing, or dry galvanizing. For hot galvanizing the work is cleaned by sand 
blasting, pickling in h)’drochloric acid, or burning. It is then passed through a 
bath of molten zinc, and allowed to cool. Work preserved in this manner can 
be distinguished by its spangled appearance. Fdectro galvanizing is done in a 
similar manner to the electio deposition of other metals (sec p. 155), hut 
owing to the difficulty of depositing zinc, slight modifications are necessary. 
The Ca)wper Coles process is most successlul for this work. Sherardizing is a 
process invented by Mr. Sherard Cowper Coles, and is somewhat as follows: 
The work is cleaned as previously described and then placed in an airtight drum 
charged with zinc dust. Thys is rotated and heated to 500'' or 600'’ F. for a few 
hours and allowed to cool. When lemoved the articles are found to be coated 
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^^ith zinc pending in thickness* upon the tein{KTature and duration of liic 
treatment. They are of a hrigluer colour than ailicles dcuie by the eUdu) de- 
position method. • 

It is [)Ossihle by tins nu thod t<^ gaham/e only ( (.‘tt.\in parts, by coating 
{>orlions of the armies with a M»mpositi»>n whuh pu'\(“nts tlu* /inc being 
deposilect. 

d he following are <i few simj)le and iiselul leiipes liu geneial work : — 


Bright Dtp jor Bon — 

• Watei . ... 1 gal. 

SulpluMK ai kl . . .1 lb. 

/iiu . ... 1 .1 oz. 

NitiK' acid . S o/. 

y>‘//c/// Ihp fer and Sinu/iU Mitals --- 

Nitnc a(’id . pails. 

Sulphurii acid . i pot. 


I l)diot hiniic .i( id pint j)c i g.d. ot dij). 

Matt Dtp for /*’/(/cv, etc'. - DissoKe 6 o/. ( It .in ^luel /iiK in I gal. hot 
mine acid, then pour in sul[)bunc .u id slowly uiUil dip looks while, then lie.il 
to i6o' K. and U‘sl ; if loo coaise add siil[)buii( .u id. Stir with glass rocl ; 
ne\er use wood, and don’t j)Ut h\dioehloiu' iU id in il. 

Be mot' t ft Copptr OmiIc ft <>»i /Irass after B/azmet — f biigbl dip lu-aled lo 

b'., then add 2 ijls, ofsiP[)hune ac id loi c\c‘iy gallon ol bright dii). 

7]) Copper If ’/re tVa/fs or Iron Si/e:i'\ 

lllue \iliiol , . I o/. 

.Sulphuiic acid . . 1 (*/, 

Water . . i gal 

'Jo 7)0// Brats Artichs //7///(’.-— Tut S o/. j)uie tin sha\ings and 6 o/. criMin 
of taitar into a boiling pot with i cp of water. M. ike suIIk u nt lo c over the 

work and boil. 

Various Shades Of Bnnvn on Brats^ etce : - Sc e p. 15 \. 

Various S/htdet of Brown, includin'^ Brilliant Shades of Blue — 


I lyposulphite of soda 

. 4 0/. 

Acetate of li-ad 

2 0/. 

Water 

I gal. 

d o be used hot and each chemic'al to be dissohc 
Green Br nze : — 

/d s''par.ilely. 

Ammonium carbonate 

2i cj/. 

Oimmon salt . 

. 1 oz. 

Acetate ol ( c)pper . 

I ()/,. 

(’ream of tartar 

f oz. 

Water . 

. 16 OZ. 


} 3 rush the work o\er with this and let it di\. Repeat until the right colour is 
obtained. 



IMNDCkAFT. 


[chap. XV. 


I So 


Skel Colour on Brass : — 

Arsenic ^ lb. 

Blue copperas . . .4 oz. 

Carbonate of iron . . .2 oz. 

Verdigris . . . . 2 oz. 

Hydrochloric i^cid . . .7 lb. 


Immerse, wash off, scour with sand, and repeat until a good colour is obtained, 
then brush up with blacklead. 

The procedure for the above cases is similar in nearly all. The work must 
be thoroughly cleaned and dipped bright and then immersed in above solutions, 

« To obtain the best results a little practice is essential. 

Surface colours or patinas may be obtained— 

By chemicals as above. 

„ heating. 

„ o.xidizing or atmospheric influence. 

,, alkalis. 

„ electro deposition. 

,, dipping in molten metals. 

,, varnishing or lacciuering. 

„ rolling, that is, soldering a thin piece of metal on to a thick base and 
then lolling all out together ; examples : Sheffield plate, rolled gold. 

METHODS OF JOININC; METALS. 

In all kinds of metalwork a knowledge of how metals may be joined together 
is essential. Joints arc either permanent or temporary. Permanent joints can 
be made by burning, autogenous welding, ordinary welding, bracing, silver 
soldering, soft soldering, folding, riveting. Temporary joints are screwing, bolting, 
wedging, taper fitting, force and shrink fitting. In many cases, though we call 
brazing, silver soldering, soft soldering, and ri\etmg permanent joints, they can 
with care be taken apart again. 

Burning. — The method of burning a joint together is as follows : d'he two 
pieces of metal to be joined arc placed in po.'>ition and fixed so that a stream 
of molten metal may be run between the joint until the ends to be joined are at 
the same heat ; the molten metal that has been flowing to waste is then checked, 
the joint filled up and left to cool. The joint is usually embedded in sand. 
When cool it is removed and the lumps trimmed off, leaving the metal in one 
piece and without any sign of a joint. Nearly all metals can be joined by this 
method. 

Autogenous Welding, or thermit welding, is done as follows : Thermit, 
which consists of finely divided aluminium and oxide of iron, is placed in a cruc- 
ible which has a hole in the bottom fitted with a fusible plug. The crucible 
is placed in position over the ends to be joined, and the ends are enclosed in a 
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mould which has an outlet that can be closed after sufticient metal has passed 
through to heat the joint. When everything is ready the fusing action is started 
by igniting a special powder, or magnesium ix)wder, which can be lit with a matoh. 
The heat generated by the chemical action reduces the iron oxide to a fluid 
mass of iron ; this melts the fusible [dug, allowing the metal to enter and fill 
the mould. This is also called aluminoihermy. 

Blowpipe Welding is canied out by means of various gases, such as 
acetylene, oxygen, hydrogen, and is now fairly general in its a[)plicatii)n. The 
gases .are under piessure and drawn from cylinders. 'I'hc mixing of them takes 
place in the mixing cliamber of the special hlowpi[)es which are used. 'I’he 
edges of the metals to be joined are filed clean and bevelled, and w'hile the 
fusion of the edges is taking [ilace the actual joint is fed with a inelal of the 
kind that is being welded, in the form of rod, to till up the s[wces in the 
joint. The advantages of ibis method are that tlie appliances are portable, so 
that welds can be made “in situ” and the heat is localized. 'J'he jierfection of 
the weld dc[)cnds on the skill of the operator. 

Electric Weldingis very suitable for repetition woik, is very ([uick, and dis- 
similar metals may be welded. But it re([uires s|)ecial plant and fittings foreacli 
particular job. The operation is somevsbat as follows : The jiieccs to be welded 
are held tightly one by each arm or guide, and these are insulated one from the 
other; the electric current is turned on, and the ends are brought close together 
but not ([uite touching. This causes an electric arc to form at the ends to be 
welded, and they heat from the centre to the outside, and when it is at the right 
temperature, the ends are forced together either by maimal or hydraulic power. 

Ordinary Welding which is done by the smith consists of thickening up 
or up-setting, as it is called, the ends to be joined to allow for their subsequent 
reduction by hammering and then raising the pieces to a welding heat, laying 
one on top of the other, and hammering them together. The work is heated in a 
coal or coke lire assisted by a blast of air. Wrought iron and mild steels are 
usually brought to a bright white heat and tool steel to a dull white or yellow 
heat. There are various forms of welds such as scarf welds, tongue welds, split 
welds, and jump welds, but the scaif weld is the strongest and most common. 
A flux is generally used to [irotcct the surfaces of the metal to be joined from 
the action of impurities in the fuel and from oxidation — silver sand for wrought 
iron and mild steel, Venetian red and borax for tool steels. 

Brazing and Soldering consists of joining metals by mt^ans of alloys 
which are heated and fused together with the edges of the work, so that they 
alloy with the metals being joined. There are three essentials for this kind of 
work. 

The joints must be clean. 

A flux must be used. 

T'he solder or alloy used must melt before the material that is to be joined. 

A coal-gas blowpijie flame assisted by an air blast is generally employed, 
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but a forge fire, or spirit blow lamp would very often answer the same purpose. 
The only difference between brazing or hard soldering, as it is sometimes called, 
and silver soldering, is that in the one case spelter is used and in the other silver 
solder is used. (For the composition of these see p. 124.) The following 
method of procedure should be adopted when brazing or silver soldering. The 
joint should be clean and the edges fit together. When fitted, the parts should 
be held together by ties of iron binding wire, when the joint is difficalt to adjust 
one or more iron dowel pins should be used. These with the wire ties prevent 
any shifting of the joint during the progress of the operation. The work should 
now be carefully adjusted on the bed of the forge, care being taken to support it so 
that no strain is on the tied joint. W^hen arranging the coke around joint to con- 
serve the heat, place it so that all the parts are open to observation, otherwise while 
the solder is fusing, .some adjoining part may be melted. The difference of the 
melting temperatures being very slight, spelter should he mixed with water and 
powdered borax in a small pot. When the \Nork is in position the joint should 
be moistened with the borax water and the joint “charged,” i.e. just sufficient 
of the moistened spelter laid on the joint to fill it when fu-^ed. The work should 
now be heated in the vicinity of the joint, and when there arc; unecpial thicknesses 
the heaviest parts should be heated first, gradually bringing the heat ii[) to the 
joint; watch that both sections receive the s.ime amount of heat, otherwise it 
will not be a good joint. W hen a red heat is rc<iched the borax will melt ; dry 
powdered borax should now be dusted on from tune to time to prevent the .solder 
[lerishing or being converted into oxide; as the heat increases the flame should 
be localized over the solder and a fiercer blast given until the spelter fuses and 
flows into and fills up the joint. When this point is reached remove the flame 
and allow the work to cool. It should not be moved until all traces of red heat 
have disappeared; then place in pickle (for composition of this see p. 177) to dis- 
solve the borax and oxide. 

Soft Soldering. — This consists of well cleaning the parts to be soldered, 
applying a suitable flux (foi this see p. 188), heating the metal, andappl>ing just 
sufficient solder to make the joint. Soft soldering mu^t be done with the aid of 
a soldering iron or bit (see Ch. xvi, f. 16 ), spirit lamp, gas blowpipe, or heat of 
some kind to melt the solder. When using a soldering iron or copper bit, as it 
is sometimes called, it must be well tinned, that is, the iron must be heated, filed 
clean, rubbed in the flux, and the point covered with solder. It is very often an 
advantage to tin the parts to be soldeied first. 

Zinc Chloride for Soft Soldering.— Place some pieces of zinc in 
hydrochloric acid until the acid stops working, then leave it for twenty-four 
hours. Now strain and filter it, and add 2 oz. of water to the pint of acid. 

In Riveting, pieces of metal are joined together with rivets. 'Fhese are 
made of various metals and in difteient shapes, such as half-round or snap head, 
pan, countersunk, flat, or copical head. A livet is known by the shape of the 
head, length of stem under head, diametei of stem, and the metal it is made of. 
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The method of riveting is as foUo^vs : The rivet is selected aeeorJing to the 
thickness of the plate to l)e riveted, the h >les for the rivet are then either 
punched or 'drilled, the rivet is [)laced in po^itlon and the metal set down wplh 
rivet set ; sufecient length of rivet is left to project through the plate and form 
the other head; the end or tail of the rivet shau’d be tlat, the tail should be 
burred over with a light hammer and finished to shape with the aid of a cup 
tool. For illustrations of ri\et set an 1 cup tool see Ch. \vi, f. 21 ( 27 ). The 
distance of one rivet from the other is known as the “ pitch,” uikI depends on 
the nature of the work. * 

Screwing is joining metals together with screws and shi)uld l)ea\ouled, as 
screws are liable to wor^ loose. They are made of iron, biass, broiue, or steel, 
and have heads of various shapes, half-rouiul lieads, t ountersunk heads, cluese 
heads, half-round and countersunk combined. All screws used for metal are 
known as tap^ied screws or metal-thread screws to distinguish tlu'm from screws 
used for wood. They are made to many stand.irds and in various pin hes. 

The [)itch of a screw is the distaiu e it will mo\e in the dire('tion ot its axis 
in one resolution through a fixed nut. 'The following are sonu' of the standaids ; 
Whitworth, Hritish As-.o('iation, known as U "k.A., International Metrii', and 
Bicycle standard. Screws aie known by then dianu'ter, standaid, sliapt* o( iiead, 
metal, and length under head, as fn example [ in. Wlntwoith round head, brass, 
r in. underhead. In screwing work together the pait that takes the he.ul of the 
screw has a clearing hole in it, while tlu other pait has to have a t.ipping hole; 
this is also known as the core diameter so that it Ciin be thicaded. I his allows 
the work to be draw-n tightly together. In engineering shops the screws used 
in machinery for imparting motion are known by their shaj)e such as “sipiare," 
“buttress,” “knuckle,” or “acme thread”. Aset or grub scriwv is one that 
has a point and no head, but a saw ('ut in the screw itself, so that it ('an be 
turned with a screw-drner. 

Bolting and Wedging is used mostly for fixing together various [larts of 
machines. Bolts are now usually made to the Whitworth standard. The si^e 
of the head bears a fixed relation to the diameter of the bolt. There is a large 
variety in use, such as hexagon, ball, cheese, coich, deck, scpiare, countersunk, 
etc., the name applies generally to the shape of the head. When an extra long 
bolt is required a “bolt end ” is welded to a length of rod, as this is more con- 
venient. Where there is a lot of vibration “lock nuts” have to be used because 
ordinary nuts work loose. Of these there arc many forms. Wedging, kijying, and 
taper fits arc due to frictional contact, and in the fixing of nearly all wheels and 
pulleys this property is utilized as well as in what are known as friction clutches. 
Thesy.stem adopted by the Mor>e and other companies for holding drills of all 
sizes by means of taper fits and removing them by means of a hand lever is an 
extremely simple and convenient metho I in every way. 

A Force Fit is where liie pin is made very shghtly larger than the hole 
and the two parts are forced together. An example of this is the lathe pulley 
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Ch, xviij f. 22 (i). This pulley of .cast iron is forced on to the steel mandrel, or 
lathe spindle as it is called. This appears as if made in one piece. 

A Shrink Fit is where advantage is taken of the property of expansion qf 
metals, and it is utilized in many ways. The methol is used where a I'ollar has 
to be put on '^ome work to hold it together. The collar is made slightly 
smallei th^n the work it has to go on, it is heated to a bright red and put on. 
On cooling it contracts, ^o binding the woik tigditl) together, (ai.st iron cannot 
be utilized in thl^ manner. For example see ('h. xn. Fig. 12 , No. i. 

Jpints in Tinned Plate Work. — These aie usu.dly plain or fiildeil lap 
joints (see .A .ind H, Fig 8. Ch. vm) Ehi* jilain lap joints are solt soldered 
and riveted with linntai non tlat headed rivets. FoUled lap joints, as illustrated 
in Fig. 8, ('A\. viii, Letter H, c.in be made by hand or in a m.irhiiie e.illed 
a tolder, and when in.ulc b\ maehineiv the\ .iie so well done ih.il they are 
watertight without the .ud soit solder. 

IIINI.S WHEN WORKlNt; MF'EALS. 

Annealing Metals 

I. Anneal /iih with a Bunsen burner, not a blowpipe, or it may volatilize, 

2 When aniualing aluminium mark over witli ('oiniuon soa|) and warm until 
soap turns black ; it is then anne.deti. 

3. Befori' annealing slieet iuass work ease any stresses that may exist by 
malleting. AKo warm very slowly and gradually iiu'rease ttauperature to avoid 
fire cracks 

Soldering Metals : - 

1. All metals should Ik tinned at tjie joint befou being soft soldered. 

2. Use hydro( hloric aeid as a flux when soldering g.ilvanizi'd iron. 

3. Before soft soldering pewter he sure tlu' solder melts Indore the job. 

Brazing Metals — 

1. Iron should lie reddened befoie being bia/ed, i.c. rubbed with sulphate 
of cojiper (bluestone) and w.iter. 

2. Eile all joints befori* brazing and silver soldering. 

3. Butt joints should l)e nicked before br.izing. 

4 If spelter is not fusible enough .uld zinc filings or a little silver solder. 

5. Before brazing sheet or rod brass, prai tice on a waste piece of the S(W!( 
material first. 

6. See that )oiir work is well jiaeked up and tied before brazing so that it 
does not separate when on the point of fusion. 

7. See that there is not any lead or solder on brass when bringing the brass 
to a red heat as it will cause a hole. 

Forging:- 

1. Keep the fire clean, and free from clinker. 

2. Keep the fate of )f)ur hammer in good condition. 

13 
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3. See that your tongs fit the work, so a,voi(ling an accident. 

4. Do not work iron at a dull red heat. 

• 5. Do not work or heat carbon tool steel beyond a bright red heat. 

6. When cutting material on the anvil with a hot or cold sett see that the 
tools do not touch the face of the anvil when nearly through. 

7. A block of copper with a piece fitting into the square hole in the anvil 
is handy for cutting out thin malerial on, especially if the material is hot. 

8. Good forge coal should be even in si/e, glossy black, and should crumble, 
not split.* 

9. Pea-size washed coke breeze makes a nice clean fire for light work. 

10. Before welding see you have all the tools ready to hand. 

Other Points that you may need : — 

1. Keep hammers off tin plate as much as possible ; use a mallet instead, 
and little of that. 

2. Measure twice before cutting your material off. 

3. See no dampness is in or on the moulds used for casting lead in. 

4. When loading brass tube for bending, see that no air-pockets form. 
Prevent by heating tube at loading end and work downwards with the blowpipe 
so allowing the material to settle; reversing the process might cause a burst. 

5. Use a slate pencil for marking on iron, or a scriber made of brass wire. 
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BUILDINGS, EQUIPMENT, AND TOOLS FOR 
TECHNICAL AND HANDCRAFE CENTRES 

THE WOODWORKING SHOP. 

The essential feature of a properly e(jiiippe(l workshop for technical or 
handcraft work is a lofty, well-lighted spacious room, so arranged as to render 
classrooms easily accessible, one of these if j)ossible actually adjoining the work- 
shop. A plan of a woodworking shop is illustrated on page iHH arranged for the 
accommodation of twenty students. In centres devoted exclusively to junior hand- 
craft work, the accommocLition can easily be iik rcMsed to double capai ity by 
using double benches — not necessarily .my laiger in si/c than those shown. 
The plan illustrated is of a shop suitable for day handiTatt or technical w'ork, 
which also lends itself well to evening instruction in woodworking subjects. The 
benches D are arranged in three lows, all facing one way. An instruction bench 
A is placed m the same relative [)Osition, facilitating demonstrations, .md it is 
placed upon a raised platform B. 'fhe wall at this end should be jirovided with 
a large blackboard, not les^, than bh. s(|uare, which can be raised or lowered 
at will. Entrance to the handcraft room is made through the folding doors at 
C from the class room adjoining shop, and on the south side the handcraft room 
can be entered through the timber store marked 1) in diagram. K in plan marks 
the position of a small lathe (see also big. 22 (26)) operated by foot-power, or a small 
electric motor c^n be attached to each machine at comparatively small cost. 
G marks position of an oilstone table (see also Fig. 4 , p. 192) for general use. F and 
H show position of store cupboards, the upper parts provided with glazed doors, 
and serving as storage space for special tools, models of tools, etc. — used for 
demonstration purposes — books, and a divided portion can be fitted up as a 
small timber museum, with specimens of timber, cross-sei tions of timber, leaves, 
twigs, etc., for use in object lessons. Students' books, drawing paper, charts, 
and large diagrams used in class work can be accommodated in racks and 
trays fitted into the bottom part. I indicates a grindstone (see also Fig. 5 , 
P- 193)- J ^ stove with rings for ac^pommodation of glue-pots 

(187) 



S^e/ted ' Plan • ond- 

appangcmetd • fop • • TIMBER. • STORE- * 
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-Suggested arrangement of workshop for handcraft and technical classes. 
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Electric power can now lx‘ for this purpose. Iv repre^irnts in plan 

an earthenware sink for washing purposes. 

Heating is best efTected by tlie radiator s)stcin, with valves for regulating 
the temperature. Open fires should not on any aceount l>e introduced in wood- 
working rooms The spmt ol emulation, a nuh li iliscussed and sometimes 
abused \irtue, can be encouraged by the judicioos-seUM tion and airangcment of 
good examples of decorative craftwoik These should be protected with gla/ed 
frame-, and hung about tlie walls about 4 It. t) in liigh, c'liangmg them at inter- 
vals tor dilfcrent spc*rimens. 

Decoration, economical, .oid )et pos--essmg some a-sthc-tu uu iit, should be 
carefullN studied in institutions w Inch aim at the dew lc»pinent ol taste Disicmijier 
colours are good, as thev can be readily rtmewc-d, jireterabh light guaui or grey 
tom.'', these being moie suit^dile to the c-\es ih.in etude or Mvid colours whu'li 
are so c'ondtKue to e)e-stram. \’entilalion is readib cllected l»v means ol iion 
easements, now ,in ac ec-ptc d t\pc of window tor school Imildmgs Air bricks 
with ,idjusiatilc- ( oveis atc‘ also an .ul\ .int.igc*. 

Flooring. - -Tai'i'ietiN or wood lloors o| piiic- or \c l!ow deal aie pietcTablc* 
to those ncule ot tc\ik wood, alloidmg .1 betlcu grip for the U c t and not hec ommg 
slij^pery sp rapidU. I’rojccling jiortioiis of tool c almiets pl.iccd round the walls 
should lie .ooidcd, ,i good plan is to lit piece's Intwec-n the; tool cabinets at an 
angX of 4^ with the' wall and lloor lines, thus .ivoiding a( cniuulation ol dust 
in ( ornc is and rc'ndering swi'e-ping and elc .ining mue h c'.isu i th.iii would otlierwise 
be the case. 

Tool Cabinets. — The paiticailar design .ind arrangement of these ol course 
Mines according to eondilions, but the' c;\.unp’es illustiatc'd will serve' as first 
suggestions which can In' adapted to otlier recpiire ments. 'I’h.tl illiislrated in 
Tig 2 IS designed to sei\e for both junior pupils and e vening stude nts in tec hnical 
work The material is whitcwood, pimte'd to harmonise with the* wall treatm nt. 
'The arrangcnu'nt of the tools will be .ippanuU from the- diagi.em, a set of smill 
planes for luniors and o set of Uige' pl.inc's lor seniors All othei tools, compris- 
ing gauges, saws, scpiare, chisels, e'lc , are for < ommon use 'The' .urange'metU 
shown has the adv.intagc ot being re .idily examined by the mstnictor before the 
students are allowed to leave the worksho[). .A cujibo.ird is provided, lor storing 
models or exercise's belonging to various sections A < omple-le list of tools lor 
this caljinet is as lollows : — 

14 in. tenon saw. Large trying plane. ('uttmg gauge, 

8 in. dovetail saw. Small trying plane. bin. try scpiare. 

Large trying pkine. Large jack plane Dividers, U in. 

Small trying plane. Small jac k jilane Bcve-l. 

^ and 5 m. mortise chisels. Smoothing plane. 1 2 in. rule. 

I, I, I, I in. firmer chisels. Rasp and file. Mallet. 

Hammer. Marking gauge. Sc;rewdriver. 

Striking knife. Mortise gauge. 
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Fig. i . — Suggestion for tool cabinet accommodating Urge and small sets of tools for 
junior and senior students. 
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The small cabinet illustrated m Fig. 3 indicates a suitable arrangement for a 
handcraft outfit only, and is intended to be hung on the back of a bench when 
not in actual, use. Upon the commencement of a class these racks are trans- 
ferred to the students’ benches and remain there during the Ies.son, They may 
be checked by the instructor after class is finished, A p'an shows the arrange- 
ment and position of tools allowed to e.ich rack, as follows:— 

A small teimn or " 

dovePail saw are at- r; iTl ^ 
tached to the front as ' ^ 

shown, and a 1 2 in. iron a I ||jB ^ --- 13 ® ) JiH ^ 

rule is hung on the bark a, --JBI 1 

part. All extra tools are ■!' /— 1 / 

stored in the cupboards ^ j|'|^ k 

and are issued as occa- ^'jii ('ijl ^ til 

dicates a continuous | \ ^ 

arrangement of tool cab- 1 . 

no inaccessible corners ^ i ■ 'pt ■■ i- -n - -~mir-iT-in i 

have to be negotiated. Elevation and pl^^n Ok ft hanging -tool • 

An Oilstone cabinet for. handicr. aft classes- • 

Table (Fig. 4 ) should ■■ ^ 

be provided, as shown 

in plan, made about 4 C ■■■■ _0 ^ 

ft. long with the top oiL B-' * 

lined with | in. zinc. 

All sharpening by pupils ~ ^ __ 

should be effected on 1 — fr- i-^ ■■■pM vm^ inn — | inches scale 

this table, which obvi- ' ‘ ' mI:Imetr ' e ' s 

ates the disposal of oil pio. 3. — A small tool cabinet for the use of handcraft pupih. 

upon the benches, and marking knife. F, in. chisel, 

also reduces the number B. marking gauge. fL mallet, 

of oilstones required. C. 6 in. try square. H. 1 in. chi.sel. 

With thirty pupils not '>■ f m- chisel. I. | in chisel. 

^ . E. 4 in. chisel. J. i in. chisel, 

more than five oilstones ^ " 


ates the disposal of oil pio. 3. — A small tool cabinet for the use of handcraft pupih. 

upon the benches, and marking knife. F, in. chisel, 

also reduces the number B. marking gauge. fL mallet, 

of oilstones required. C. 6 in. try square. H. 1 in. chi.sel. 

With thirty pupils not '>■ f m. chisel. I. | in chisel. 

^ . E. 4 in. chisel. J. i in. chisel, 

more than five oilstones ^ " 

K. hammer. 

are neces.sary. 

A Circular Saw for the instructor or student teacher would be best placed 
in the timber store, and operated either by foot or a small horse-power motor. 
It is especially useful in the preparation of material for large classes. A 
locking arrangement is advisable in order to preveit tampering. 
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The Grindstone (Fig. 5) is the type best suited to handcraft work. The 
method of operating same will be evident from the illustration. The chisel is 
iJecured in a rack or falling frame, and a straight bevel can easily be obtained 
by a young boy. It also reduces the chance of accident to a minimum. 

A Glue-pot Stand is shown in plan, (onsisting of bar ircn riveted 
together with rings at the top.. .Each ring has a gas tap attached, and a master 
tap governing all the lings is also fixed above the connexion to gas pipe. 

The Lathe, illustrated in fig. 22 (26), is suitable for small work in a hand- 
craft centre lor demonstration purposes, and also for the execution of Mmple 
turned work. I he length is 4 ft., and includes two slide r(‘^ts and a centre lace- 
plate for flat work. A motor should be attached if turned work is done to 
any extent. 



A Bench of (leiman mainila( tine is illustrated in Kig. fi (i), provided with 
wooden screws and iron slops, ll can also he ohtaim.d witli iron screws and 
handles, and these are an advantage m seholastii' work, wooden screws being so 
frequently broken. A double bench is shown m Fig. 7 , hut its use is not 
recommended. 

rooLs 

Planes. — F ig. 6 (4) illustrates a Trying Plane, used for obtaining per- 
fectly true surfiices, shooting joints, squaring ends upon a shooting board, in fact 
for practically every planing process that retiuires great truth and exactness. The 
length varies from i<S-3o in., the former for junior use, and the latter size for 
special jointing work. Twenty-eight inches is the standard full size for general 
work. Double irons are used in both si/es— 2 in for the small size and 2 \ in. 
for the large one. 
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Description of Fig. 6 {continued) '. 

The Jack Plane is illustrated iu Fig. 6 (5) It is used for roughly planing 
material prior .to the use of the trying plane. Length vanes from 1 4-20 in. for hand- 
craft and technical work respecti\ely. with irons in. wide. Although gauged 
irons are lecommendcd fur all planes, some prefer tlie ordinary or tapered type. 





Fkj. 5. 

A Smoothing Plane is shown m (10), and as the name indicates 
It is used for smoothing up surfaces after they have liren prepared with a jack 
and trying plane. Width of iron vanes from i m. , the smaller si/.e i.s best 
suited to handcraft work, the student obtaining more control over a tool pro- 
portionate to his size. In all planes the pitch of the iron varies accordingly a.s it 
is intended for hard or soft wood, generally speaking, a low-pitched iron is best 
for young students. » 
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Fig. 6. — Miscellaneous woodworking t(?ols. 
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Description of Fig. 6 {continued). 

(7) . illustrates the Plough. The terms applied to this tool are (i) body 
or stock; (2). the skate, consisting of a steel fixed in the sole ; (3) the fence, 
which regulates the margin of grooves ; and (4) the stop. This is adjustable and 
is set by means of a screw ; it is used to determine the depth of a groove. 

(8) IS the Rebate Plane. Made from. in. on sole, and as the 
name indicates is used for rebating. In addition to its ortlinary uses, it may 
with advantage be used for shooting snull veneers when a shoulder plane is 
inaccessible; it is then worked flat upon a small shooting board. * 

(9) is the Block Plane. Used by craftsmen for shooting end grain of 
material, general fitting, and mitres. The irtm is fixed at a [xirticularly low angle. 
It is usually used in conjunction with the mitre block (see Fig. 8 (8)). 



(12) is a Shoulder Plane. Made of malleable iron, and used for re- 
gulating end grain shoulders. This tool is almost indispensable when working 
veneers. It is then used on its side, and m conjunction with a shooting board. 
The cutting-iron is fixed at a low angle, and, as is also the case with the block 
plane, the bevel of the iron is placed uppermost. 

An Old Woman’s Tooth is illustrated in (8), consisting of a block of 
wood with a plough-iron wedged in position, the cutting part projecting beyond 
the sole, and used chiefly for regulating the depth of grooves cut across the 
grain, after the end has been roughly removed with a chisel. 

An Iron Spokeshave is shown in (n). Useful for fine work, especi- 
ally in hardwood. The Fmglish pattern spokeshave, see Fig. 6 (13), is made flat 
or curved in section, as is also the American pattern, suited respectively for con- 
cave and convex edges or surfaces. The English types are made in box, lance, 
and beech wood. 

(14) illustrates an Iron Rule. Such rules may be obtained up to 3 ft. 
long divided with linglish and metric measures. 

(2) illustrates a beechwood Mallet, made in various sizes, and (3) is a 
combined marking and striking knife made of hard steel. 



196 


HANDCRAFT. 


[chap. xvr. 


Saws are divided into a number of classes according to their design and 
system of teeth (Fig. 8). 

A Hand Saw is illustrated in Fig. 8 (9). 'Fhe rip saw of similar shape is 
properly called a Half-rip Saw, length 28 in., teeth spaced ^ in. apart, and 
is used for heavy cutting or “ripping” up stuff. 'I’he Hand Saw ranges 
from 20-26 in, in length, thg blade of steel, teeth 6.} to the in. and J in. 
dee{) 

Panel Saws are rather smaller in size and the teeth are also closer together. 
'Fhe length ranges from 16-26 in. They are especially suitable for “young 
handcraft students for cross cutting and general use The American Disston 
saws are of specially good cjuality, and their being made with a blade slightly 
tapering m eross-section, reduces the neccc^siiv for much “set” upon the 
teeth. 

A Tenon Saw is illustrated in (7). Mule with iron or brass backs, 
according to (jualily. 'Fhe thickness of the blades and the spacing of the teeth 
vary. 'Idle blade is held tightly by the metal back, and, as aUo with dovetail 
saws, the proi'ess of fixing them is as follows: 'The back is bent slightly in its 
length and is then clonal ovct the handle end oi the blade. 'The remainder of 
the blade is then pressed into position, and the back is then sjirung straight and 
closed over the steel. 'I'he natural tendency foi the bark to spring back into a 
curved shape holds the blade rigid and in constant tension. 'Fhe use of this saw' 
is restncK d to light cross cutting and for wide shouldeis. It is not used for 
tenons as the name seems to imply. Disston shoulder saws range Irom 12-18 in., 
and are excellent substitutes for the foinuM in educ.itional work, the teeth are 
smaller and they are not unwieldy. 

A Dovetail Saw is smuLir m shape to the tenon saw’, but with an o[)en 
handle, l.engths vary from 6-10 in. with teeth spaced 15 per inch. 'Fhey are 
used for (fitting dovetails, small tenon ('utting, and ('loss-grained grooves. 

(2) shows a Bow Saw, so named because of its coiistruciicm with bow’- 
string tension attachment. 'Fhe frames aie made of beech or box wood wath 
separate handles, and the bl.ules range in k'ligth from 8- 16 in. , teeth spaced 
approximatelv 12 to the inch , width of blade about | in. 'Fhey are used tor 
general curved cutting, such as circles or shaped brackets. 

(4) IS sometimes called a Compass Saw. It is how-ever generally known 
as a Keyhole Saw from its particular lue. It is only used for cutting aw’ay 
material inac 'essible to the bow saw. 

(i) shows a small frame or Fret Saw; the best pattern for cutting 
thin metals, mother of pearl, veneers, or fretw'ood, and thin material generally. 
Fret saws are used wdth the frame , to be obtained in packets of one dozen in 
varying degrees of fineness. If a saw breaks off, the thumbscrew can be slackened 
and the opening of the frame contracted, when a broken saw can be fastened in 
again. 
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Description of Ftg. 8 {continudi ). . 

(3) illustrates one typo of Mitre Cut. Usetl when ciUtin^^ butt or 
mitre joints .in mouldings, etc. It n of beech and can be made as a class 
model. 

(5) shows an Adjustable Bevel. Used for sotting out oblique shoulders 
and angles and testing bevelled eilges. The stocks arc mide ot rosewood and 
ebony with a dotted adjustable steel bl.ide. 

(6) shows a Hand Drill for boring hard wi)ods and thin metals. Drills 
maybe obtained with a screw attachment m the handle, which when screwed 
off discloses a small receptable used for storing the drills. This instniincnl is 
especially useful for boiing sun[)lc patterns in wood for inlasing in \\a\ or otlu'r 
material. 

A Mitre Block is sli< )\vn in (8) with a piece of moulding in position 
ready for jilaning. The metal screw action illustrated is mui'ii better and quickei 
to operate than the woodem screw' tyjie. I'hese mitre* blocks aie j)tepircd to- 
shoot wood at angles of cp', 45 ’, and 771', srjuaie or butt, mitre and halt mitres 
respectively. 

A Block Plane (12) Is designed specially foi use with the lattei 

Oilstones (10) ot various varieties are as follows. (1) W.ishila, a good 
stone for general use. 'The cutting cjudities vary, and c .in be* pi igecl best 
by rubbing the thumb-nail along tlui surfu'c, comp.iiing 'the rcl.iloe gri|) with 
stones of differing (ju ility. (2) Indi in oilston ‘s are rather more expensive than 
washita. 'They are excelUmt cutting stones, rapid sh.irpeners, and impart a keet> 
edge. (3) Charnley Forest, .1 close-grained stone. (|) 'Turkey oilstones, excellent 
cutters, lastin^q and sharjxmeis, rather more e.xpensive ih.in the above varieties. 
(5) “ Arkansas ” an ex[)ensi\e kind, exi'cllent for surgeons’ and dentists’ instru- 
ments and other fine tools. It is conij) ised ot pure siIkm, crystallized similarly to 
the washita stone, has a [lerfec tly smooth surface, and yields only to the cutting 
of a diamond w'hen being tiued up , this sfon ; is very expensive. 

Slips (13), miy be obtained of various sections. Suitable for sharpening 
gouges and shaped plane-irons in any of the prei'cding kind of oilstones 

Pincers (14), do not demand a detailed explanation here, being a tool 
familiar to all. 

(15) shows a Twist Gimlet. Used for boring hol<‘s to receive screws. 

(11) , a London pattern Hammer. 

(12) , a Set Mitre for setting out mitred work. 

(17) , a Bradawl, which when being used should have the cutting edge of 
the blade placed across the gram, thus avoiding the s[)litting of the wood 
fibres. 

(18) , a Screwdriver. 

Fig. 8 (ip, 20), a Rasp and File respectively for wood 'To be obtained in 
varying degrees of coarseness. 'The latter cut specially for use w ith wood, 



Flu. 8. — Sa*vs and various other woodworking tools. 
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Chisels and Gouges.— Ti^e Firmer Chisel, see Fig. 9 ( 2 ), is socailed 
because it is the firmest type of paring chisel. Firmer chisels are made from 
in. wide of well-tempered steel, and used for general chisel work where striking with 
a hammer or mallet is not necessary. A Paring Chisel is shown in (i), the 
blade of extra length, and used for work inaccessible to a firmer chisel. The width 
of blade vaqes from in. All chisels are made with either square or bevelled 
edges; the latter, see (3), afford an advantage in dovetailing and in bevelled 
work where a square chisel edge could not be entered in the corner (4) 
shows ayother kind of handle, made chiefly in boxwood. Fig. 10 (i) illustrates 
a Firmer Gouge, made from in. in widtli and of varying curvature. 
Firmer gouges are always ground and sharpened on the outride face, distinguishing 
them from scribing gouges — which are sharpened upon the inside — tlius enabling 



t'lG. 9. — Various types of chisels and handles. 


a cut to be made square with the face of an object or moulding. I^rmer gouges 
are especially useful for recessing work — such as the concave shape in a pen tray, 
etc. Carving gouges are made of hard-tempered steel, much thinner in section, 
with the bevel hardly perceptible, and are made in various shapes. 

Mortise Chisels are illustrated in Fig. 10 (2) ; sizes range upwards from 
J in. in sixteenths. 'I'heir u^e is restricted to mortising, i.e. the act of preparing the 
• receptacle or cavity to receive a tenon or mortise lock. 

Boring Tools. — Fig, 10(7) illustrates a Brace with a ratchet attachment 
which permits the use of this tool in a corner, where an ordinary brace could not 
be used. The best types are made with ball-bearing head (see diagram adjoining) 
and mounted with cocos or ebony wood. 

Dowel or Twist Bits are illustrated in (4); sizes range from in. 
in diameter. They are used for deep boring where a centre bit would “ drift ” 
if bored to any depth. 

The Spoon Bit (3) is used for boring wood to receive screws and effect 
a clean hole, reducing the possibility of splitting to a minimum. 




♦Fig. 10. — Woodworking itools. 
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Description of Fig. i o {continued). 

Centre Bits (5), are used chiefly for comparatively shallow lx)riiig, and^ 
the larger sizes are of special utility, as for example, when Ixiimg out the core 
of an oilstone case is necessary. 

(6) is a Rose-head Countersink. — Used to shape the heads of holes 
to receive screws. This type bores much cleaner than the Snail-head Counter- 
sink, which is a quick cutter and useful lor large woik. 

Gauges.— The Mortise Gauge (n), is made in several qualities and 
styles of finish, chiefly in rosewood or ebony with brass fittings. The type 
illustrated is most serviceable, and does not ie(iiiire the use of a suewdriver 
when the points have to be adjusted. This is the best t)pe owing to its simple 
action, 

(12) is a Cutting Gaug^e with brass-cased head and screw adjustment. 
This tool is Used for splitting thin mateiial, and may lie used to advant.ige in 
almost every instance where gauging is necessary — making a thinner and cleaner 
line than the maiking gauge. All gauge heads are better \s hen fu ed up with 
brass, lasting longer, but working rather he.tvier owing to the extra grip of the 
metal-facing. 

A Marking Gauge is shown m (ig). Used for g.mging up material 
previous to planing, and also for the prodiu tion of lines [laialli-l to an edge from 
which the gauge is operated. 'I'he marking point i onsists of a small round [liece 
of steel filed to a sharp point. Brass strips are .sometimes cut into the face of the 
stock (see illustration) and add to its wearing <pialities. Other gauges of a special 
character are described in the s^ici'ceding cha[)ters. 

(9) illustrates a pair of Steel Compasses used for maikmg circular 
arcs, etc., upon wood. An alternate jiattern, which jiennits of a more speedy 
adjustment, is called Spring Dividers. In addition to their use in striking 
arcs, the latter pattern are specially suited to the divisions of lines by trial. 

Cramps. — (14) illustrates an iron type which has obvious advantages 
over the wooden pattern. They are stronger and truer, easier to adjust, and do not 
necessitate the frequent renewal of the screws, 'I’hey are used for cramping up 
* joints and framing, and are made up to 6 ft. long. Lengthening bars can also be 
obtained to extend the action of the cramp. 

(19) is a Gee Cramp for small work — fixing mouldings and slips in drawers. 

(20) illustrates the English pattern Handscrew, usually made with 
beechwood chops and split English ash handles. Split material for the screws 
is essential, or frequent breaking is bound to occur. Uukory, being close- 
grained, strong, and easy running, is a superior wood for these screws and chops. 

The German pattern is illustrated m (16), made of hornbeam. A 
strong handscrew, and more popular with most craftsmen than the English type. 
Sizes of both vary from 4 in. chops. 

A Glue-pot is shown in (10). The example js of iron with galvanized 
lining. Copper glue-pots, although more expensive, are better because of the 
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Description oj Fig. lo [continued). 

^quicker heating qualities and freedom from breakage to which the cast-iron 
type is particularly susceptible. 

A Holdfast is illustrated in Fig. 10 (15), and is used to secure boards and 
general work to the bench. 

(18) is a suitable kind of ‘Oil-can, and that most important tool, the Try 
Square, used for a very large number of purposes, is shown in Fig. 10 {17). 

Straightedge, of which several are necessary in the general equipment 


or. dt.iM 

Fig, II -Str.u<;lucdjj;e. 

of a well-ordered handcraft shop, is illustiatcd in Fig. 11 . They are best made 
of mahogany with rosewood or salinwood 
or ebony edging ; length varying from 
2*5 ft. 6 in. 

Winding Strips are shown in 
I'ig. 12. Made from mahogany with 
ivory or ivorinc sights. Short dowels Fio. 12.-— Winding strips, 

are fixed as shown to keep a pair together when not in use. 

A large Wooden Square is shown in Fig. 13 . One of this type should 






be included in general equipment. Length of stock and blade varies; the latter 
ranges from 10-24 in. in length. 

A Shooting Board is illustrated in Fig. 14 . It is best made in mahogany.,, 



Fig. 14. — Shooting board. 



Fio. 15, — horizontal vice. 


A mitre attachment is dowelled to the board, this being used for shooting mitre 
in clamps, flat mouldings' etc. It can be removed at will. 

Fig. 15 is a horizontal vice, one of which should be in every equipment. It 
is invaluable for bolding iT.etal or tools whilst cutting or repairing. 
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METALWORKINC; TOOLS AND THEIR USES (Eig. 16 ). 

The tools -illustrated in Fig. 16 are as follows ; — 

(1) Centre Punch. — Sometinies called a mitre punch, Used for marking 
work of all descriptions, also for dotting the place where holes have to be drilled 
for the centre of the drill to start in. Made of tool. steel. 

(2) The Engineer’s Hammer head consists of three jxuts — the face, the 
eye, and the pane, j)ene, or pcen. The shaft should be of hickory or ash, and 
fastened with a metal wedge driven in parallel with the length of the head. The 
shaft should be carefully fitted so that the oval of the shaft is Hue with the head; 
if it is otherwise it causes the student when using a chisel to miss the head of the 
chisel and hit his hand. 

(3) Scriber. — Made eitl^er of brass or steel— brass for use on iron and steel, 
steel for use on brass, co[)per, etc. Used for marking in. 

(4) Outside Calipers. — Used for measuring the outside diameters of bodies 
and for transferring si/es from the rule to artu les in the lound, or vice versa. 
Usually made of iron or steel and used largely in turning. 'There are many 
varities. 

(5) Wing Compasses. — Made of iron with hardened steel points. Used foi 
geometrical setting out of all kinds. 

(6) Scratch Card or Card Wire Brush.—U^ed for cleaning files by brush, 
ing it on the file and in the same direction as the cut of the teeth. It consists ol 
card wire tacked on a piece of wood shaped so that it is suitable for holding in 
the hand. 

(7) An8*in, Hand Bastard File.—Usedfor filing all kinds of flat surface*- 
and roughing down any metal. Sometimes called a safe edge flat file, as it 
has one edge without teeth, for use when filing shoulders. 

(8) An 8 in. Half-round Bastard File.—Used for the preliminary roughing 
down of flat and curved surfaces for any metal. 

(9) Hand or Cold Chisel. — Used for ( Uttmg all kinds of metals in a cold 
state in contradistinction to a hot h.ind chisel that is used for cutting metals in 

* a hot state. For this purpose it would be 3 in. longer and thinner at cutting edge. 
Made of tool steel. 

(10) Soldering Iron. — Or sometimes called a (op[)er bit. Used for all 
kinds of soft soldering. Handle usually of wood, rein of wrought iion, bit of wrought 
copper. Made in various sizes and shapes; 1-2 j lb. are the most useful 
weights. 

(11) Tinman’s Gas Stove. — Used by a unman when .soft soldering, so 
that one iron can be getting hot while the other is being used. Stove made of 
cast iron. 

(12) Lancashire Hack Saw. — Used only for soft metals, such as brass, 
copper, etc. Frame of wrought iron, blade 12 in. long, and thick on edge 
where teeth are, thin at the back, tempered so th!lt it can be filed ; no set to 
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D(scnption of Fig. 16 [continiietl). , 

teeih. Should not be used for steel or iron, 'lecth 8 or 10 to ihc inch. Should 
be held" as shown in Fig. 17 . 

(13) Star Hack Saw.— Used 
for steel and iron as well as other 
metals. Frame of cast-iron, blades 
8 in. long, hardened, cannot be filed. 

Teeth 14 to the inch. Can also be 
had wj^h twenty-three teeth per in. 

(14) Hack Saw Blade.— 

Measurements taken over all. Some- 
times tempered so that they can be filed, or hardened so that they cannot be 
filed, or hard teeth with soft backs. 

(15) Steel Try Squase.— Made of all iron or steel, sometimes with or 
without measurements, hardened or soft. 

(16) Imperial Standard Wire Gauge— One of the gauges used in 
measuring the various thicknesses of metal. Made of steel and hardened and 
tempered. Nut u^ed for steel wire, lead, zinc, silver, or gold. 

'I'he tools illusliatcd on Fig. 18 are as follows : — 

(1) Double-handed Tap Wrench.— Used generally for turning a taj). 
Holes made to suit various sized tap heads. Made of iron or steel. 

(2) Adjustable Tap Wrench.— Used for the same purposes as No. 1, 
with the exception that adjustment is obtained by turning the right-hand 
handle which has a hole for a lever to assist in tightening. 

(3) Single-ended Spanner.— Used for turning bolts and nuts. Made of 
malleable iron with Case-hardened jaws. 

(4) Double-ended Spanner. — Used for the same jiurpose as No. 3. 

(5) Stillson Wrench. — Really an adjustable spanner with teeth ; the more 
pressure put on the handle the tighter the grip in the jaws. The teeth are in oj)- 
posite directions, and they mark the object being held. 

(6) Double-action Coach Wrench. — Also an adjustable spanner, but 
• the jaws open and close very (juickly, owing to the two screws which are right 

and left handed ; also a better grip of the object being held in the jaws can \xi 
obtained. Sometimes called a monkey wrench. 

(7) Stocks and Dies. — The stock is that portion with handles which 
holds the dies. The dies are adjustable by means of the set screw, and a number 
of sets of dies are usually supplied with the stocks. These are used for outside 
screwing of all sorts up to the capacity of the stocks. 

(8) Stocks and Dies. — Sometimes called fine dies for brass, as they arc 
usually used for screwing brass and copper tube, and tiic thread is twenty-six to 
the inch. This thread is used largely in brass work. The dies are for three different 
sizes and denote the outside diameter of finished work. There is also a wheel for 
cutting off thin tube, whicli, like the dies, is adjustable by means of a thumbscrew, i 
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Description of Fig. 18 (continuetf). 

(9) Stocks and Dies. — Sometimes called B.A. stocks and dies (B.A. 
means -British Association). Stocks are usually of gunmetal, and tlie die is in one 
piece. A saw-cut is put in one side of die and a small set screw to allow a smalt 
adjustment by means of the springiness of the die to compei^sate for wear. The 
dies are held in their place by means of the millcd-headed set screw shown, and 
sizes are known by number from o to 10, o being. the largest. This is the B.A. 
standard. 

(10) Circular Split Die. — I'lns is the die u^ed in the stocks of No. 9. 

(I i) Double-handed Screw Plate. — A piece of flat steel, pierc ed, tapped, 
hardened, and tempered, for screwing pins by once running down. Mad^ largely to 
suit Whitworth standardized threads. 

(12) Inside Chaser. — Sometimes called inside screwing tool, or inside 
comb chaser. Made in all pjtches for screwing internal vee threads ; it has to be 
fixed into a handle and used by hand. 

(13) Outside Chaser. — Used for cutting external threads of all kinds and 
sizes. Makes a pair with (12). 

(14) Plug or Bottoming Tap. — The one illustrated is a ^ in. fine thread, 
that is twenty-six to the inch. 

(15) Taper Tap. — Makes a pair with (14), and this pair with the remaining 
ones for ^ in. and J in. would make a set with the slocks and dies (H). 

(16) First Taper Tap. 

(17) Second Taper Tap. 

(18) Plug or Bottoming Tap.— 'I’hcse three form a set of taps and are 
of one size and pilch. Used in combination with the stoc ks and dies (7). 

(19) A*Wire Tap. — Made only in small size-. ; it does away with the 
necessity for using a tap wreni h. 

(20) A Reamer or Rimer. — Madem all sizis, and used for enlarging holes. 
The ends are made tapered and s(|uared so that they (uin be turned by means ol 
a tap wrench or used in a filter’s brace, illustrated in Fig. 20 (9). 

(21) Broach. -^Has five flat sides. Used for enlarging holes. 

(22) Milling Tool. — Sometimes called knurlkig tool, consisting of a knurl- 
ing wheel which runs on a hardened pm in an iron holder. Used by pressing 
against the work, which is revolved m lathe, when the knurling wheel cuts a 
pattern on the work. 

(23) A Pearling Wheel. — Used in the same manner as a knurling wheel, 
but mostly used to decorate, or put a series of pearls or beads on a circular object. 

(24, 25, 26) Knurling Wheels. — Used in the holder (22). Made of steel 
and hardened. 

(27) Lancashire Hand Vice. — Used for holding work in the hand or for 
holding templets to metal while the metal is lieing marked out. .Sometimes made 
of all steel or of wrought iron with jaws faced with steel. 

SMITH’S I'OOLS. — The tools illustrated in^Fig. 19 arc some of those that ^ 
are used in the forging of metals. 
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Description of Fig, 1 9 {continued). 

The first few numbers show some of the tongs in general use, but there is a 
large humber.pf different shapes which are generally made to fit the work in hand 
or are altered 'to fit, as unless the tongs fit the work so that it is held securely, and 
in the proper manner, an accident is likely to occur. Forge tongs are made of 
wrought iron and of all sizes. 

(i) Open-mouthed Tongs. — Used for'holdmg medium-sized pieces of 
round or square iron. Sometimes called fiat bills ^ 

^2) Close-mouthed Tongs. — U'>ed for holding small sizes of round or 
square iron. Sometimes called flat bills. 

(3) Hollow-bit Tongs . — Used for holding round iron. Sometimes called 
round bits. 

(4) Rivet Tongs. — Used for holding rivets or small round iron at riglU 
angles to tongs. Sometimes called ring tongs. 

(5) Bolt Tongs. — For holding bolts or similar woik. 'I'lie liollow at back of 
jaw allows the head to clear the tongs. Also used for liolding flat iion to bend it 
edgewise. 

(6) Bolt Tongs.- -Another form of (5). 

(7) Pick-up Tongs. — For picking up work of irregular shape. Sometimes 
called mandrel tongs. 

(8) Bent-bit Tongs. — For holding iron ji.irallel to tongs. Sometimes 
called side tongs. 

Tongs for holding flat iron arc shown in Fig. 20 (8). 

(9) Bottom Tool. — For making mouldings, d’he iron, a little smaller than 
the width ojthe tool, is heated and placed in position and is diiven into the tool 
by means of a flatter and sledge hammer. 

(10) Bottom Swage or Rounding Tool. - Corresponds with the rodded 
top swage shown just above it. Used for making anything round, and they arc made 
in various sizes. 

(i i) Bottom Swage.— Of three different sizes, | in. ; for rounding up 
small tenons or similar work. 

(12) Bottom Fuller.— Used in conjunction with (13) for ])Utting hollows 
or necks in the work. 

(13) Top Fuller.— Used in conjunction with (12) as above. 

(14) A Flatter.— Used for bringing work to a smooth flat surface. 

(15) Hot Sett.— Used for culling hoi metal. It is much thinner than a cold 
sett and not tempered so hard, and has a sharper angle for cutting edge. 

(16) A Set Hammer.— Used for setting down square shoulders or similar 
work. 

(17) A Cold Sett— Used for cutting cold metal. Is much thicker than a 
hot sett and tempered to a dark brown colour, and cutting angle is 60 . Usually 
fitted with a withy tw'isted round chisel as shown in Ch. xiv, Pig. 5 (lo), or has a 
hazel rod fitted into the eye as shown. 

(18) A Square Drift Punch,— Used for punching Sfjuarc holes, 
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Description of Fig. (continued). 

(19) Round Drift Punch. — Used for punching round holes. 

(20 and 21) Scroll Wrenches. — Used for bending metal into different 
forms; (20) is forged out of one piece of metal, and in (21) the fork is forged 
from one piece, and a handle made from a piece of gas barrel is shrunk on. 

(22) Scroll Iron. — When doing a number of pieces which are all the 
same shape it is quicker to make a scroll iron and bend all the scrolls on it by 
holding the end of the iron at the centre and pulling it round (usually when the 
iron is at a^red heat), thus making them all alike. 

(23) ^croll Horn or Fork. — It is put in the vice and used in conjunction 
with (20 and 2 1). 

(24) Smith’s Shovel or Slice.— For use at the forge fire. 

(25) Poker. — Used at the smith’s fire. The end is turned up so that the 
clinker which forms at the bottom of the fire can be, picked out. 

(26) Smith’s Rake. — Used for pulling the fuel over the work in the fire, etc. 

(27) Hardie or Anvil Cutter. — Used for cutting off pieces of bar or rod iron 
either hot or cold. The hardie fits into the square hole in the tail of the anvil. 
The iron is laid across the edge of the hardie and the iron is struck with the 
hand hammer. The iron is then reversed and process repeated, a slight tap and 
the iron breaks off. 

The illustrations in Fig. 20 are of the plant and tools largely used by the 
smith : — 

(1) Portable Forge, fitted with a hood, and has a solid tue iron or tuyere 
of cast iron. 'Fhe other part of the forge is of wrought iron riveted together. 
Forges are made in various sizes, and the sizes are those of the bad or hearth, 
and the one illustrated is 33 x 27 in. The hearth should be about 2 ft. 3 in. 
from the floor. 

(2) Double-blast Circular Bellows, made in various sizes. The nozzle 
is connected to the bellows by means of a piece of leather tubing. If the bellows 
are at a little distance from the forge, the blast is conducted to the back of the 
lue iron by means of large-bore gas barrel. The size is the diameter. 

(3) Grindstone. — The size of this is known by the diameter and width of 
the face of the stone. The one illustrated is 36 x 5 in. The stone itself is either 
of natural sandstone, or of some artificial composition. They are of different 
degrees of coarseness and hardness, and some of the names are as follows : 
Yorkshire, Newcastle Blue, Bilston. The stone should not rest in water for 
any length of time as this tends to soften it and so make it wear unevenly. 

(4) Hand-drilling Machine, one of the simplest forms. Made mostly of 
cast iron, except the spindles, which are of wrought iron. The drill is fed down- 
wards by means of the hand wheel on top, and holes up to i in. diameter can be 
easily drilled with it. 

(5) Smith’s Anvil and Stand.— The anvil isof wrought iron faced with steel. 
The parts are as follows : Th« horn or beak ; the chopping step or block or table. 
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Deseret ion of Fig. 20 (continued). 

which is left soft for cutting on ; the face, which is hardened and slightly rounded ; the 
tail, which has a square and a round hole in it and is flat. The square hole is for 
bottom tools, and the round hole is for use when punching small holes; Underneath 
the tail there is usually a hole which is for placing a lever in, to assist in lifting the 
anvil. The stand is of cast iron. A tree trunk half-buried in the ground makes 
a good stand, as it absorbs vibration and does not jump like the cast-iron stands. 

(6) Lever Shearing Machine for cutting thick sheets ancj bar iron. 

That portion which shears the rods is called the cropper. ^ 

(7) ^raight Pane Sledge Hammer.— A useful weight is about 8 lb. 

(8) Box Tongs for holding flat iron rod. 

(9) Fitter’s or Metalworker’s Brace.— It has a taper square hole for 
the drills and they are fixed with a thumbscrew. 

ITe tools in Fig. 21 are mostly sheet metalworker’s tools and areas follows : — 

(1) Two-hole Gas Pliers. — They are measured over all and the length 
should be stated, such as 10 in. two-hole gas pliers. Their uses are varied. The 
5 in. size are called burner pliers. 

(2) Bellhanger’s Cutting Pliers, or Flat-nosed Cutting Pliers.— 

Known also by their length over all. Made horn 5-10 in. long. 

(3) Round-nosed Pliers.— Made from 5-10 in. long. 

(4) Manchester Cutting Nippers.— Made from 6-18 in. long. 

(5) Tinman’s Straight Shears or Snips.— Made also with curved jaws , 
are then known as bent snips. Made from 6-16 in. long. 

(6) Fret-saw Frame, best quality. Made of tool steel, used by piercers; 
measured from saw blade to back of frame. Usual si/e 12 in. • 

(7) Cross-pane Riveting Hammer.— Head weighs from about 4 o/. to 
2 lb. A heavier make of head is called an engineer’s or fitter’s cioss-pane 
hammer, and weighs up to about 3 lb. 

(8) Round and Square-faced Planishing Hammer.— Sometimes 
called a smoothing hammer. Used for smoothing or flattening sheet metal. 
Made in all weights up to 4 lb. 

(9) Chaser’s Hammer or Repouss6 Hammer.— Used chiefly by 
chasers and embossers. Weight of head from 2-4 0/. 

(10-19) Chasing Tools or Repouss^ Punches, and numbers (lo-n) 
are Liners or Tracers; (12-13) Raising or Cushion Tools; (14) a 
Setting-dawn Tool, as the straight side is higher than the round ; (15) is a 
Half-round or Curved Tracer; (16) is a Cup or Ring Tool; (17) is a 
Pearling or Ball Tool ; (18) is a Flatter or Facing Tool or Planisher ; 

(19) is a Riffler or Riffle, used for filing the hollows and shaped surfaces in 
modelled and cast work. 

(20) Drift, used for finishing a square hole to an accurate size. 

(21) Creasing Iron. — Used for knocking up and fini.shing beads, wired 
edges, etc. 
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Description of Fig. 21 (continued). 

(22) Tinman’s Anvil. — One edge is rounded off and one side is curved, 
but the curved edge is square. Made of wrought iron and faced with steel, 
hardened and polished. Must be kept polished and covered up. 

(23) Hatchet Stake . — The edge is of steel hardened and polished. 

(24) Funnel Stake. — ^^ade of wrought iron and polished, not steel faced. 

(25) Half-moon Edging Stake. —Faced with steel, hardened and 
polished. 

(26) Pepper-box Head-stake or Ball Head-stake. — Faced with steel 
and hardefied and polished. 

Note. — Nos. (21-26) must be kept polished and well looked after, as any 
marks on these stakes are transferred to the metal. This also applies to Nos. 
(8) and (29). These are made in many sizes and weights, and are usually sold 
by the pound. 

(27) Rivet Set . — Used for setting down the metal after the rivet has been 
placed in position. At the side of the hole there is a hollow cup for rounding up 
the tail of the rivet after it has been hammered over. 

(28) Groover or Seam Set for setting down seams or folds in sheet metal. 

(29) An Engineer’s Surface Plate.— Used for testing and setting out. 
Must be kept covered. Usually of cast iron and planed up in a planing machine. 
Only the most expensive ones are hand scraped. Made in various sizes. 

(30) Fletcher Russell Foot-bellows for blowpipe work ; very useful for 
small work and does not take up much room. Made in different sizes. 

(31) Gas Blowpipe. — Used for brazing and silver-soldering and connected 
with the foot-bellows (30) by india-rubber tube. Known by the' size of the 
outside tube it is made of. The one illustrated is a f in. blowpipe with lever- 
valve gas control. 

(32) Brazing Pan.— Made of sheet and bar iron riveted together. Filled 
with coke, fireclay, asbestos, charcoal, or pumice stone, and used for brazing, 
silver-.soldering, etc. A handy si/e is one about 18 x 24 in. and about 2 ft. 
6 in. high to the top edge. The small trays at the side are for spelter and borax. 

The tools illustrated in Fig. 22 are mostly lathe tools as follows : — 

(1) Straight- fluted Drill with parallel shank. 

(2) Morse-twist Drill with parallel shank. 

(3) Rose Countersink with taper square shank. This is only suitable for 
soft metals unless rehardened. 

(4) Slocombe Drill and Countersink combined. The angle of the 
countersink is the average angle used for the centres of lathes. This is used 
largely for the pieces of w'ork that are to be turned in the lathe, as it drills and 
countersinks the holes for the centres at one operation. 

(5) Lathe Tools. — Nos. (5-13) make a useful set for use in the slide rest 
and they are usually made 9f carbon tool steel, and in different size material 
according to requirements. No. 5 is known as a Diamond-pointed Roughing- 
down tool or a hook tool. 



CHAP, XVI.] 


BUILDINGS, EQUIPMENT, AND TOOLS. 


215 


Descrip/ion of. Fig, 22 [continued), 

(6) ROund-nosed Roughing-down Tool.— If used on wrought iron or 
mild steel it cuts belter if the right-hand corner m.irked A is ground down a bit 
lower than the front left-hand corner, about jVJ in. lower. But it dejiends on 
the metal being cut. 

( 7 ) l^ight-hand Side Tool, — Used for squaring UJ) or facing off shoulders, 
etc., on the right-hand side. 

^(8) Left-hand Side Tool.’— Used for th*e s;une purpose as (7), only 
opposite hand. • 

(9) Vee Threading Tool for cutting exterior threads with th^ automatic 
slide rest in action. 

(10) Square Threading Tool for cutting exterior S(|uare threads with the 
automatic slide rest in action. Could also be used for a cutting-off tool. It is 
also easier to forge the nose at one side of the tool, instead of the centre as 
drawn. Simply a matter of taste. 

(i i) Inside Boring Tool for roughing out. Used mostly for shallow holes 
or rings. 

(12) Inside Boring Tool for finishing cuts. 

(13) Inside Vee Threading Tool for use with the automatic slide rest in 
action. The same kind of tool only with a sijuare end instead of a vee is used 
for cutting inside square threads. 

(14, 15, if), 17) Tools used for turning brass. T'hey have no top rake, and 
have cutting angles of about 70“ to 90^ (14) Is known as a Ripper, used for 

roughing down; (15) is a Planisher, used for smoothing or finishing; (16) is 
a Round-nosed Planisher ; {17) is a Right-hand Side Tool or an offset 
tool, used for squaring up shoulders, ends, and inside work. 

(18) Lathe Tool Holder. — Used for holding high-speed steel turning tools. 
As these small tools can be ground on an emery wheel, and the holder takes the 
strain of the cutting, steel of small section can be used, so saving cost of material 
and the trouble of forging. 

(19) Spring Planisher for finishing off iron and steel. If it springs too 
much a piece of hardwood is wedged in the hollow. 

{20) Three-jawed Chuck fitted on to a face-plate of a lathe. I'he correct 
name is a Cushmin three-jawed geared scroll chuck. It usually has two sets of 
jaws : the ones in the chuck are outside jaws. 

(21) Inside Jaws. — For Cushman scroll chuck. These are all moved 
simultaneously by means of a key. Used for holding work that has to be turned. 

(22) An Independent Four-jawed Chuck, with reversible jaws, slotted 
for bolts, and has not been fitted to a face-plate. Used for holding irregular 
shaped pieces of work, parts of which have to be turned. Holds work that (20) 
cannot hold. 

(23) An Archimedean Breast Drill-stock.— Used by hand for light 

drilling. «• 
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Description of 22 (continueJ)\ 

(24) A- Lathe Carrier. — Used for screwing down on to the end of a piece 
of work that is being turned between the centres of a lathe. I'he tail catches on* 
the angle piece in the driving chuck J (36) or the dog in the driver plate. 
Made in many forms and in cast iron, malleable iron, ami steel. 

(25^ A Compound Slide Rest, bolted to the bed of a lathe. Used 
for holding turning tools and moving them with prec'ision The circular piece 
on top is the tool holder and it can he movasl rti a rirele, and the two set 
screw’^hold the tool in position. 'I'he toj) slide moves parallel with the bed of 
the lathe, but it can also l)e moved in a ein le bv loosening two bolts ^’hich are 
underneath the lop slide, alaout each side of a line at right angles to the bed 
of the lathe. The bottom part of the slide* rest is fixed, but the whole of the 
top portion can be moved at right angle^ to the bed of the lathe bv means of the 
low'cr screw. 'The top slidf*. which turns on the bottom slide, allows for 
taper turning. 

(26) A Plain Foot-lathe.— It is vers simple, and r.irely or never gets 
out of order. Witli a lew accessoru's a wide range of uoik ( an In; done with it. 
It is usually known by the length of the bed H .ind the height o( its centre. 
That is the height from the lace of the lathe Iks! to tlu* point of the' centre in the 
driving chuck J. The n am s of the parts are as fol'ows ; — 

A. St indards or legs of cast iron. 

B. Lathe bed Usually of (ust iron with the top .uul top edges planed smooth 
and true. 

C. Driving-wheel or fly-wheel of cast iron with vee grooves, for l.iking a 
round belt. A fairly heavy one is jireferable. 

1 ). Crankshaft. Made of wrought iron, with the ends ( ase-hardened for the 
conical bearings. The fly-wheel is fixed on to the* crankshaft by a key or with a 
set screw, the end of which goes a little way into th • shaft. 

E. Crank. Made of w rought iron. .Somctimes'called the pitman. 

F. Treadle. It should be of hardwood and b • as wuL as convenient, as then 
it is more com'ortable to use. d he bolts after being tightened up should have 

• the ends burred, or riveted up, if not, they soon work loose and dro[) out. 'I he 
bar at the back to which the treadle supports are riveted, and which works between 
two centres, is called the treadle shaft. 

G. Back stay or stretcher. Made of wrought iron Keeps the standards 

rigid and the correct distance apart. • 

H. Fast deadstock. Made of cast iron, the tail end bored with a hole to take 
the tail screw, the front end borgd to take a coned collar of hardened stee'. 

I . Driving pulley of cast iron. Fitted on to the steel mandrel. Kept in 
position by being a force fit. Has four grooves for the reception of the gut band. 

J. Driving chuck. This screws on to the nose-piece of mandrel and is fitted 
with a catch bar which is kept in its place by means of a set screw. The centre 
is kept in position by being a taper fit. 

15 
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Description of Fig. 22 {continued). 

K. Tailstock or poppet head. Made of cast iron and drilled to receive the 
barrel M, which is screwed and is made to mov^ backwards and forwards by 
means of the hand-wheel L. When necessary it is fixed by the set screw N. 

L. Hand-wheel of cast iron. This is keyed on to a screw which works in 

the barrel M, so moving it backwards and forwards. . « 

M. Sliding barrel. Made of wrought iron and screwed for the screw which 
is fixed to the hand-wheel I* Has a taper fitting at the forward end to take a 
centre, apd has a keyway cut in its length into which a set screw is fitted„*so pre- 
venting l^e barrel turning when the hand-wheel is turned, 

N. Set screw of wrought iron or steel. Used for fixing the barrel. 

O. Tool rest. Made of cast iton. Moves on a base plate, which is fitted to 
the bed of the lathe. Can be placed in any position. 

P. Tee rest. Usually of cast iron, which in consequence generally gets 
broken. Should be of malleable cast iron or wrought iron. If holes are 
drilled in the top they add to its convenience. 

Q. Set screw of wrought iron or steel. Fixes Tee rest in the correct position. 

R. Hand nuts. Made of cast iron. Made like this so that they can be 
tightened without the use ot a lever or spanner. They run up against the cast 
plates which fit the underneath part of lathe bed ; these have a hole in them, 
through which the bolt passes, 

S. Nut and cast plate for tightening up fast headstock. 

(27) Hook and Eye. — Made of tool steel hardened and tempered to a 
purple colour and are screwed inside. 'They are used for connecting the gut 
belts used on light machinery and foot-lathes. 'I'he gut belt is , tapered at the 
end and the hook or eye screwed on until the end of gut comes through ; this 
end is then burnt down level with a red-hot piece of iron. Gut belts can be 
tightened by twisting them up, or loosened by untwisting them. 

THE MK'l'ALWORKING SHOP. 

When setting out a metalworking shop for the purpose of giving instruction, 
the main idea should not be how much work can be turned out in a given time, 
or how much labour-saving machinery can we put into a given space, but rather, 
how can the maximum of instruction be given with the minimum of tools and 
appliances. By giving instruction without the aid of expensive equipment the 
resourcefi^lness of the student is developed as w'ell as his adaptiveness. More- 
over, a student, just because he is a student, is more likely to damage expensive 
tools. Often a student can repair a simple tool that he may have broken, and 
this in itself is a good training. With the shop planned and equipped with the 
plant and tools illustrated in Fig. 23, it is possible to do all the work indicated 
on these pages. All the tools and appliances shown have been proved to be the 
best and the most necessary for the teaching of metalwork on broad lines. But 
of course many can be done without, or many more can be added as occasion 
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demands. The plan ot a shop on page 219 is offered as a suggestion, and could 
if necessary be modified to suit conditions ; but it is based on one in actual use, 
^and is very convenient. An additional advantage would be a storeroom for the 
safe keeping of metals, etc., and a room suitable for the pickling, washing, and* 
dipping of metals, with a small room for lacquering. The necessary working 
drawings to be used in connexion with the work could be done in c the shop 
itself, as the patterns, tools, etc*., necessary for reference are all handy. 

With reference to the 
ventilating, lighting, antjt heat- 
ing:— 

Plenty of windows with 
casements and fanlights abo\ e 
so that artificial light is not 
vsed more than is necessary', 
are suggested. In bad wea- 
ther the fanlights can be 
opened when the casements 
cannot. For artificial light- 
ing the use of individual 
lights to each vice and lathe, 
consisting of a single counter- 
weight pendant, with switch 
lamp holder and lamp, are 
best. These are economical, 
as only the light actually 
wanted need be used. 

For heating the shop in 
winter low - pressure steam 
seems very satisfactory and 
comfortable. In Fig. 24 will 
be seen the section of a bench 
with a rack for files above. 
The bench should be 2 ft. 9 in. high and 2 ft. 8 in. broad ; the front board should 
be of beech i ft. 3 in. wide and not less than 2 in. thick. The bottom of the 

file rack should be i ft. 3 in. from the bench. Leg vices are very suitable 

for general ^use, as they are more solid to work on than parallel vices. Various 
sizes should be obtained, say from 3^ to 4 1 in. jaw width. The jaws vary by ^ in. 
The large vices should be fixed in close proximity to the forges. The rack for 
smith’s tools illustrated on page 221 is most convenient if fixed to the wmII by the 
side of the forges, as then the tools are close by and handy for working. In 

Fig. 26 is shown a strong wood stand for holding a cast-iron block which is used 

for chopping out work with hammer and chisel, as illustrated on page 62. The 
block measures 12 x 12 x 2.J in. A fillet of wood is screwed down all the 

I 
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CHAPTER XV] I 


THEORY OF CUTTING ACTIONS OF TOOLS 

There are many nu;th()ds of cutting metals and necessarily many cutting tools, 
and a geneial knowledge of the mam principles of the methods is of importance 
to any one who has to manipulate metals. 

Only the elementary (utting tools which can be ‘sharpened without expensive 
equipment will be dealt with here. 

The most efhcient (uitting angle depends not only on the material of the 
tool itself but also on the material and condition of the metal to be cut. 

To minimi/e the heat gtaierated by the acTion of cutting, oil or some other 
lubricant must be used. 

Cutting operations may be classified as follows : Chiselling, savving, filing, 
shearing, punching, drilling, turning (iiK.luding (.utting with a diamond), screw- 
ing, milling, fusing. 

Some of these piocesses are pet formed when the metal is cold, .some must 
be done when the metal is hot, whilst for others the metal may be either hot 
or cold. 

The action of a metal (Hitting tool is generally considered a shearing action. 
Shearing takes place when suffu ient foire is applied to tear aw’ay the metal from 
the main body so that the action m.iy be taken as lollows : — 

Cutting with a metal cutting tool consists of pressing, tearing, and shearing 
the metal away w’ith the one side or face only of the tool under pressure, as the 
opposite side is generally clear of the work, as in the action of a turning tool. 
This is illustrated in Fig. 1 , No. i . With a pair of shears both sides or faces of the 
tool are under pressure ; this is shown in Fig. 1, No. 2 . 

In many instances a moving force is applied to the cutting edge of the tool 
and the substance is severed paiticle by particle. The tenacity of the material 
opposes the entry of the tool, but the first motion given to the tool, which severs 
a portion or a shaving which, diiectly it is away from the main body, is curled up, 
at the same time still presses dow-n on the slope of the tool so keeping it up 
to the work, ^^’hen the tool is too keen, as may be the case with a badly ground 
turning tool or tw’is>. drill, the cutting edge gets drawn into the metal by the same 
action and the point or edge gets sheared off. 

In the use of a “hot sett ” or “chisel ” the action is rather that of w’edging 
^ than that of shearing. 
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NO 1 5IDC VIEW Of* Lathe no z SHCAf^s in >sction 

TOOL in ACTION 



No 5. HACK SAW BLADE TOR o' 
SOrT METALS. 

NOTE . NO SET Of TEETN . 


No ^ 5AW BLADE FOR ALL METALS 

NOTt. TEETH A»?E NOT SET BUT THE 
BLADE 13 


Nq^ teeth of file 

ENLARGED . 





. -L : 

i 1 

i ■ 




No G !>ECTkDf1 or PUNCH & 
DIE or PRESS FOR 
PUNCHING OUT BLANKS 


A \ 


CUTTING EDGE 
OR LIP, 

No 8 PLAN OF POINT 
SHOWING BACK- 
ING Orr AND 
CENTRE 


SHAPE OF TEETH FOR 
9 > ® CUTTERS 

^ ^ FORMS Of TEETH USED 

^ON rilLUNG CUTTERS , 



No 10 GRCULAR SAW 
WITH INSERTED 
teeth 


Fio. I.— Examples <.f cutting tools, their actions and culling angles. 
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Chisels. — Chipping, the removal of 4netal by means of a chisel and 
hammer, is becoming obsolete, for machinery does the work better ^.nd quicker, 
and in large works pneumatic tools often take the place of the chisel and hammer. 
In small shops, liowever, the chisel is still a very necessary tool, and the one* 
illustrated in Ch. VI, f. i, is very useful for general purposes; but when used 
for chipping only, the cutting edge instead of being straight across (as- drawn) 
should be slightly curved, so that in actual use the corners will not break off or 
be drawn into the metal. Fpr cutting soft metals such as brass, copper, etc., a 
more acute cutting angle could be used with advantage, say 50'’ instead of and 
it could b^e left a little harder by c'ooling out when temper colour is a light 
brown. 

Saws.— The “ h. ick saw” illustrated in I'lg. 1 , No. 3, which should be held 
as illustrated in Ch. XVI, f. 17, is used only on soft metals, and the angle to 
which the teeth should be filed is shown in Fig. 1 , No. 3, but the best method is 
to sharpen the teeth on an automatic grinding machine which not only grinds 
the teeth to the corre(,t slope but spaces them as well. 

Metalworkers do not always rely on “ set ” of teeth to keep a clear kerf and 
so prevent the saw from binding, as the saws with thin backs keep their edge 
hettei, answer the same purpose, and are more common. 

A most efficient saw for cold iron or steel as well as for other metals is 
shown on the same {lage (Fig. I, No. 4). This, a Bradenbeig patent, has a very 
ong life ; the peculiar “ set " should be noticed. Some saws are made with teeth 
that are “set ” and hardened and the backs left soft. 

Metals are now sawn either hot or cold, a circular saw running partly im- 
mersed in a bath of cold water for hot metal, in a bath of oil for ,cold metal. 
Names of the parts of a saw are as follows • “Space ” is the distance from tooth 
to tooth measured at the points ; “ gullet ” or “ throat ” is the depth of the tooth 
from point to the root ; “ gauge ” is the thickness of the saw generally measured 
by the wire gauge ; “set ” the amount of clearance given to the saw teeth in either 
direction to’prevent the saw binding and to clear away the chips. 

Filing. — A file IS one of the principal tools of a metalwuiker and the most 
difficult to master. It consists of a steel blade or body of very variable form and 
size with a “ tang ” for fixing into a handle. Teeth of suitable form and size are 
cut on the blade, and the latter is hardened and tempered. Files are classified and 
described according to the form, use, and nature of their teeth. Most of the 
terms used to describe the form require no explanation, e.g. parallel, half round, 
round (a taper round is called a rat tail), triangular; a knife file has a section 
like the section of a knife blade; a w^arding file is a very thin fiat file used for 
filing the wards in keys. Pillar and colter files are narrow files of rectangular 
section. A rifiler is a bent file used for filing conca\e surfaces. Feather-edge 
files have a rhombic section with two veiy acute and two very obtuse angles. 
The teeth or cut of a file are spoken of as rough, middle, bastard, second cut, 
^smooth, and dead smooth, according to the number of teeth per inch, which 
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ranges from about 14 to 100 or more. The teeth of an ordinar)' file form two 
sets crossing each other at an angle ; this arrangement constitutes the double or 
cross cut. A file with a single set of teeth is termed a float. A safe-edged fil(4 
•is one which Has one size or edge without teeth. Rasps may l)e grouped with 
files; though their use l^ chiefi\ tonfined to the woodworking trades, their form 
and process of manufacture are similar to those t>f files ; but the teeth consist 
of “ burrs ” thrown up with a diamond-pointed chisel instead (‘I the straight* 
edged chisel which is used in making the teeth of a file. 

The action of filing is similar to that of sawing, ( onsecpuaUly it is^i scraping 
action, and if the teeth of the saws in Fig. 1 , No*'. 3 and 4, aie ('ompiireil with 
the enlarged section of tlie iile tooth, 1 ‘ig. 1 , No. 5,011 tliosame page, the similar- 
ity is at once ajiparent It should be noticed that in all fib's the Iront part of 
the tooth slopes backwards or has what is termed “negatne raki* . I he width 
of the tooth at the bottom and the height of it havt' a griMt ileal to do with the 
life and efliciem y of a tile, for if the tooth is high and narrow it is liable to chip 
or wear away more riipidl) that il the tooth w’as of medium height and had a 
wide base, which gives solidity and length of hie owing to having plenty of sup- 
port under the ( utting edge. The angle of the < ut in relation to the .ixis of the 
file is also important, <is by means of this wa* get a slicing < ill whu h lauses the 
metal to come away in « urled chips .ind with I'omparalivi' ease 

All files have a small amount of curvatuic m then length. If a flat file is 
examined it will be seen to be ihu kest m the middle, and this allows a nearly 
flat surface to be obtained by filing, as .my high part of the suif.K e ('an be filed 
down in that particular plac e by slightly r.iising the' h.indle of the file and pre ss- 
ing with theJeft hand on the front portion of the bl.idi*. 

A scraper is usually .1 tn.ingul.ir file ground at the end on all the faces so 
giving three keen edges vvhii h are finished uj) on the oil stone ; of ('ourse there 
are many other forms, but this is very efre( live I his acts in the same w.iy as a 
file, only it is like one tooth bc'ing used instead of a number, .mil it h.ts the ad- 
vantige of being able^ to be he ld so that it will i ut (juickly or slowly’according 
to the angle of the’faie pn senteil to the work. Another most important 
. point is the height the work should be so .is to obtain the best results, and 
as the work is usu.illy held in a vice this governs the work. The right 
height for the tops of the jaws of a vice is, when the worker is standing upright 
with his elbow close to his side .mil his hand touching his shoulder the tops of 


the jaws should ju.st touch the point of his elbow. « 

The most suitable files for use m a gener.il way an- 4 m., 6 in., 8 in., 
10 in., 12 in. ; half round bastards and smooths , safe edge bastards and smooths. 
A few^ rat-tail files, and some s.ife-edge squares might be added as the necessity 
arose. Files used for iron and steel should be kept separate from those used 
on soft metals ; and when new files that have been used on soft metals will not 
cut, pass them on to be used on iron and steel which they will cut admirably. 
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When a file gets clogged it should be brushed with the file cleaner (Ch. XVI, 
f. 1 6) ; if some pieces of metal get jammed in between the teeth of the file and 
tCause scratches on the work being filed, they can be removed by pushing them 

... . out with the corner of a flat piece of' 

brass or iron; these small pieces of 
metal are called “pins”. avoid 
these when filing iron or steel chalk 
the file or put a spot or two of oil on 
^ - it. When filing aluminium use paraffin 

• or turpentine. The proper method of 

standing and holding a file is shown in 
Fig. 2. 

Shearing and Punching. — 

Shearing explained in the early part 
of this chapter, and the action is tlie 
same in punching, as both edges cut in 
each case, and both ac't on the two sides 
of the metal. 'I'his can be seen by 
. referring to Fig. 1, No. 6. It will be 

noticed, however, that the punch itself 
has parallel sides while the die has a 
Fio. 2 .— Position when filing. slight clearance to prevent the 


t)unch binding. The use of the punch in smiths’ shops, however, is (]uite different, 
as when a piece of iron is brought to a bright red heat and then a hole is punched 
in It by driving a [)unch which tapers a little outwardly towards the»top, through 
the metal with the aid of a hammer, the hot metal is first of all pressed from 
undeineath the face of the punch and then the punch is usually driven half-way 
through from each side so forcing the metal outwardly and enlarging the hole. 
This action makes a swelling on the bar where the hole has been punched, so 
retaining {bractically all of the material and hardly weakening the bar to any 
extent. In the action of punching as illustrated in Fig. 1, No. 6, the bar is 
weakened according to the amount of material removed, but it is quicker and a 
machine does the work. 


Drilling and Turning.— Drilling, turning, and boring arc three different 
operations. In drilling the w’ork is stationary and the drill revolves, in turning 
the work rtivolves, and in boring the work is fixed to the saddle of a lathe which 
tiavels in a given direction, while the boring tool is fixed in a boring bar which 
is placed between the centres of a lathe and revolves. 

This is the general practice, but of course there are many variations ; the 
action of boring is nmilar to drilling, though one could not drill a hole with a 
boring tool. Drilling differs in principle from almost every other operation in 
metal cutting, as it cannot be guided in any given direction and is supported by 
^ the bearing of the cutting ecjges of the drill against the material. The ordinary 
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fiat or diamond-pointed drill (Ch* VI, f. 6) is a most useful tool, because it* 
can be easily made and tempered, and will withstand very rough usage, hut it 
does not cut irV the true sense but scrapes, and requires great pressure to forc^ 
'it into the metal, and cuts \ery slowly. 

If the lip A (Fig. 1 , No. 6) is longer than lip C the diameter of the hole will 
be twice fhe radius of A, as this ilrill is guided solely by its point, and the hole so 
drilled will bear no relation to the diameter H. Au(ither disadvantage of this 
form of drill is that if the metal is spongv or has blow hole^ in it where a hole is 
beingMrilled it will run into the softest part, or into ilie space awa^- from the 
harder metal, so gi\ing an uneven or slanting hole. ♦ 

For rapid and good work twist drills, brought to ]H*rfe<'tion by Mr. Morse of 
America, are univei sally adopted. This drill is illustrated in Ch. XVI, f. 22 . To 
obtain the best results with this dull it should be grouiul on an emery wheel 
with an automatie twist drill'grinding attachment, for unless the lips are ecjual a 
larger hole IS made than the diameter of the drill, as dlu>>tr.iti“d at Hm Fig 1 , 
No. 7. If the angles ol IkhIi the lips (which should be 1 20 ", that is tio" each side 
of the centre of the dull) are not the same, one lij) does all the work, eonsecjuently 
it soon dulls and requins regrinding. Another important point is that if the 
cutting edge or lip (' of the drill is not the highest j)Oint or has not the propt*r 
amount of “ (’learaiK e,” it will refuse to cut, or d it is loo higli it gels drawn 
into the metal and is then bioken off. 

When the point of the drill protrudes through the stock being drilled, but 
is not (]Uite through, extra < are must he taken or the dull will catch in the fash o( 
the hole and get broken The spiral grooves of the twist dull provide the 
“ rake,” and* this causes the chips to curl out of the w'ay instead ol Ijcing pul- 
verized as is the case with the H.it drills and less power is rerjuired. Some twist 
drills have oil holes through the centre so that the cutting edges can he luhri- 
cated. The sense of leehng is or can he utilized more in dulling holes than in 
any other oper.ilion, and so the operator can tell whether the drill is doing the 
work as it should, so, avoiding aeeid<‘iits. 

Turning. — This is partially explained m the early poition of this book fp. 79) 
and also by the diagram No. i on p. 223, but further, the most suitable angles for 
the various metals are approximately as follows (though the best angle is deter- 
mined by trial and the shape of tin* tool lieing varied according to the hardness 
of the material being 


I Cutting angle 
' Kdid 
I Tool angle 
j Rake 


cut):- 


1 or Mrav . »i,d 


SS'" to6V 
zo'^ to 


70' to iSo' 

3" 

6T to ‘ 

5 ' to 20' 


so' to 90^ 
.CIO 5“ 
70^ to ^7'^ 
o'’ to 12 ' 
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n actual practice the most efficient angle Is that which cuts the sweetest and 
lasts the longest, but the three factors which tend towards or cause the destruction 
pf a turning tool are : — 

1. Actual wear due to use. 

2. Presence in the material being cut of impurities which are harder than 
the tool Itself. 

3. The heat generated ^hich may be sufficient to soften the cutting edge. 

This last factor does not operate to the same extent where high-speed steel is 
being use4« . * 

In ro«nd-nosed roughing down tools such as shown in Ch. XVI, f. 22, No. 6, 
there should be “ side rake ’’ as well as “ top rake Side rake is not shown in 
No. 6, but it could be obtained by lowering the corner marked A. 

Castings of iron should have the scale removed with an old file, or by pickle, 
or by chipping, before they are turned, as the scale luins the turning tools owing 
to its hardness. 

The turning tools for brass are very simple, and their cutting angles must 
be very obtuse or even square as, if made acute they tear the metal or “draw in," 
and if the job is not held firmly and without any shake it is liable to be full of 
ripples or stride. A quicker speed should be used than that in turning iron. 
'I'urning tools consisting of black diamonds brazed into suitable shanks are being 
used in America, and it is claimed by the users that they are as superior to high- 
speed steel tools as the latter are to carbon steel tools, and in the long run they 
are cheaper. 

Screwing is done in many ways, and when a thread is cut on a piece of 
work in a lathe, the action is the same as turning, only the movefUent of the 
threading tool is sometimes different, 'riireads are cut by special thread milling 
machines, by dies which are operated by power, or by hand, by taps. Taps are 
illustrated in Fig. 18, p. 206. Dies are illustrated in Fig. 18 on the same page. 
The dies have to be held in various ways, one of which is in the stocks illustrated 
on the same page. 

For cutting screws of different numbers of threads in a lathe the lathe has 
to be specially designed, and it is usually known as a screw-cutting lathe. The 
action of a tap cutting a thread is the same as that of a turning tool, as the cut- 
ting edge of the thread on the tap has relief made by the “ backing off ” and rake 
caused by the shape of the hollows which are milled out of the tap. It is found 
in practice tihat when the hole is drilled slightly larger than the theoretical core 
diameter and then tapped, nearly as good a thread is obtained as would have 
been if the hole had been the correct size, and this relieves the tap of a portion 
of the strain. During the cutting of the thread, and owing to the tap forcing 
its way into the metal, not only is the material removed but it is also squeezed 
between the threads, so decreasing the diameter of the hole. This illustrates the 
“ flowing " power of metals. This action does not take place in cast iron. In 
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comb or hand chasers, which are ilio^trated in Ch. XVI, f. i8, there is rtfhef but* 
no rake, anc^ as they are usually used on soft metals it is not necessary. 

Milling: iij shaping or cutting metal by means of a revolving cutter, and is 
•usually performed in “ milling machines,” which are made in many forms suit-* 
able for various re(}uirements. Cutters are made of almost infinite variety and 
with varying number of teeth. In some machines the work revolves as well as 
the cutter. Some work can he done very much ’(luicker on a milling machine 
than it could be done on a lathe, as milling machines oin he run at considerably 
higheii speeds than other tools, as eai'h tooth of the cutler is in ( ontact with the 
work for only a small portion of the revolution ami has a i hancb ol lH"j,|vg cooled 
by the lubricant used. The majority of milling cutters have the front f.iccs of 
the teeth radial or without any rake, as shown on p. 2 2 \, Fig. 1 , No. <>, and uu h 
tooth should act as a turning tool, ('utters for mild steel < ut belter with a 
sn.all amount of rake, but for.brass negative rake is ncccs^uv. “ Idirm " cullers 
are those which produce a formed surf.icc and are “bac ked off " so that they 
retain their original -^haiie after grinding, which is done on the face' of the tooth 
marked A, Fig. 1 , No. 9. Other cutters .ire sharpened by gtinding at H as 
shown in the same diagram. .Milling cutters are also made with inserted teeth, 
that IS, the bodv is ot solt non and the teeth whu'h are made of special steel 
are fitted into grooves and s( revved into position. 'I'liis makes a very durable 
tool, for when a tooth gets d.nuaged it am be easily re[)lace(l. 

Fusing,-— Cutting Metals with Oxuh/ing Flame. 

The o\y-h)diogen and oxy-acetylme llaiiiesare specially adapted to cutting 
metals. When non or steel is lieated to a Ingh tempcTature it lias a great attinity 
for oxygen lyui readils combines with it to form different oxides. 'I'his causes 
the metal to be disintegrated aii<l to burn vvitli great rapidity, 'i'he mi'lal-i ulting 
blow-pipe operates on this jirim ipit*. Ordinarily two jets or flames are used. 
First there is an ordinar) welding flame for heating the metal and this is followed 
by a jet of pure oxygen, whi»'h oxi(iis( s or burns the metal. 'J'he jet of oxygen 
IS made sufficiently strong to blow .iway the iron oxide in front of rt, with the 
result that a (dear narrow cut is effected through the metal at a speed of travel 
similar to hot sawing. Metal c.in be cut up to six inches in thickness with the 
oxy-acetylene, and uj> to twenty inches with the oxy-hydrogen flame. 

Ivicjuid air oxvgen has been used in c utting up armc)ur plate lourtecn inches 
thick at a speed of 4^ to 5 minutes per foot run. 
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Abacus, 1 10 
Adam, R. X J., lot) 

Adam door\N<ivs,//(7//^^ p. no 
Ages or peNO(is — • 

Stone, copper, hron/e, and itoti, i 
Altar Front, 8 

Ancient Figyptian furniture, t 
,, ,, s( ulpture, 

Angle brackets, 49 
Animal forms in prelnstoru art, 2 
Applique, K^i 
Architects, 4 

Architect’s perspective, 144 
Architrave, no 

Ark, the evidenc'es of ( onstiiu lion, 4 
Artichoke galls, /jc/z/s,'' P- 
Artist craftsmen, 4 

B 

Base, 1 1 0 
Bead, 1 10 
Beech, 1 16 

Belton House gates, 114 
Bench, demonstration, 188 

,, woodworker’s, 192, 194, 195 
Bevel, adjustable, 197, 198 
Bookstand, 26, 27 
Boring tools, 199, 200 
Boule work, 122 
Bow saw, 196, 198 
Boxes, Swiss-painted, /ac/z/i," p. 151 


Boxes aaiM'd, befu’ en pp. 152 and 153 
Bia< e, ntehet, i o(), 200 
Brae kels, angle, 41) 

for t amlle, pi, 37 
Bradawl, 107, 198 
Bread platleis, 40, 4I, 42 
Ihidhng. 52 

Buildings loi (tnties, equipment, etc., 
187 

C 

Cabinet showing marcjui-tned orna- 
ment,//(///g p, 143 
Cabinets, tool, i8<g 190, 191 
( 'andle bra< ket, ;/>. 37 

( ^indlestii'ks, brass, 

,, wrought iion, 97, 98 
co{)per, 88 * 

('aibon piper, use of, 24 

('ai\mg, 27, behneen pp. 152 and 153, 

application of, 39, 55 
,, Norwegian and Sc.mdinavian 
examples, /r/cA/;" p. 150 
('a\elto, no 

( X'lts, forms of I'hisel, 164, 165 
(Jentre bit, 200, 201 
(diair, J^iarly J'igyptiaig/i'C/;//,’' p. 4 
(’hanneliing, 1 10 

Chisel, i'.arly Ivnglixh and foreign 
forms of, 165 
Japanese, 164 
1(^9, 200 


Chisels, 

(2,e; 
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“Circulaf rims, construction of, 53 
Classical qliotations, 3 
Climatic conditions, 116 
Clock case, 20, 3 1 
Column, circular, 1 10 

„ development and various 

forms of, 109, 1 10 
„ origin of, 1 10 
(compasses, steel, 200, 261 
('omposite order, 1 1 0 
Conventioiial desi^jns, 144 
(.’ornice, 109,^10 
(Jorona, no 
(Countersink, 200, 201 
(Cow collar, 161 

(Craftwork, historic' ; applu'ation to 

classwork, 109 

(Cramp, thumbscrews, 200, 201 

,, woodworker^, 200, 201 

(Crossbanding, 52 
' Cupboard, livery,//c/V/c P- * 

(Cupboards, carved, A'/tc.vv/ ])p. 152 and 

153 

( 'urrant galls, 120 
CCyma recta, i 10 
„ reversa, i 10 

D 

Decoration, diaper, 46 

,, geometrical, 74 
Decorative processes, 143, 149 
Dentil, 109, 1 10 
Design, 145 
Divideis, 200, 201 
Door knocker, 24, 25, 142 
Doorways, features of, 1 09, //^ ///{,'■ p. no 
1 1 1 

,, historical styles, H, in 

,, object lessons on, 1 1 1 

Doric, 1 10 
Dovetailing, 51 

,, ^angles for, 26 
,, diminished, 29 

,, lapped, 27 

,, through, 18 

Dovetails, cutting, 2O 
Dovetail saw, 196 
Dowel bits, 199, 200 
Drawing, 135 

Drill, evolution of, /rr///!,'- p. 170 


DriH, hand, 197, 198 
Drip moulding, no 

Durer, A., sixteenth-ceatury tools, 162 
E 

Egyptian chairs, p. 4 • 

,, stools, /rc/V/i,'' p. 4 
KmlK)ssmg, S 
Entablature, no 

J^Cntasis, no ' 

I'Cquipment and tools for centres, 187 
Evidem es of early art, 2 
I'Cxogenous growth, 1 15 
hCxpansion bit, 200 

• F 

b'acia, i 1 o 
Etinhghts, 109 
File, wood, 197, 198 
Fillet, 110 

h'inger plates, inlaid, carved, tooled, 
etc., 38, 39 
Inriner ( hisel, 199 
,, gouge, 199, 200 
Map 01 fall, 50 
Mower >u[)p()rt, 10, ll 
Muted column, 109 
I'orking, 52 , 

Fretsaw', 196, 198 
hVie/e moulding, 1 10 

Q 

(kirlic, use of, 1 5 7 
! Gauges, ('uttmg, 200, 201 
,, marking, 2 o, 201 

,, mortise, 200, 201 

(hmlel, twist, 197, 98 

I ( dove box, 22, 23 
(due pot, 200, 201 
I Gopher wood, 4 
(iouge, t'ar\ ing, 199 
' ,, firmer, 199, 200 

' ,, Hint, 165 

j ,, patterns, 146 

I „ tooling, 27, 35 

I (Toun, twisted, 1 1 7 
4 Grindstone, 192, 193 
[(Grooving, 92 
(GutUe, 109, no 
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H 

Hafting, early ipmis of, 165 
.Half-happed frame, 13 

„ „ „ joints used in, 13 

,, ,, „ setting out, 13 

Hammer,* evolution of, 167, P- 

168 

,, mediaeval forms, p. 

. '67 

,, tendon pattern, 197, 198 
Hand holes, cutting, 19 
„ ,, setting out, 19 

Handkerchief box, 22, 33 
Handles, process of making, 74 
Handscrew, English, 3 oo, 2«i 
,, German, 300 , 201 
Hingeing a knocker, 25 
,, pivot, 33 

Historical notes on craftwork, i, 109 
Holdfast, bench, 300 , 202 
Hollow moulding, no 
Husk ornament, 1 10 

I 

Inlaying, 8, 50, 53 

,, application of wood, 33, 35, 

37. 39. 55 

„ definition of, 15 1 
,, Eastern examples, p. 

146 and 147 

,, pictorial, p. 14s 
,, procedure for, 38, 145, fac- 

M 3 

,, with wax, 37, 148 
Inlay, limitations of wood, 143 
, Introduction of gold, i 
Ionic, 1 10 
Isometric axes, 1 36 

,, projection, //c/ 7/^^ p. 135 

Ivory, uses of, 122 

J 

Japanese pearl, 122 

K 

Keyhole saw, 196, 198 
Key rack, 10, 11 
Knife box, 18, 19 
Knocker, 24, 35, 143 

I 


L 

I^mp bracket, 31, 32 
I.,atch and bolt, 44 
Lettering, 34, 25, 139 

„ methods of cutting, 34 
Liver)' cupboard, p. I 

M 

Machiner)', 8 iii ’ • 

Mahogany, 116 ^ • 

,, Cul>a, 116 

,, Honduras, 116 

,, Spanish, 116 

Mallet, 194, 195 
Marking awl, 194, 195 
Martjuetried cabinet, /nr/^/X'' p. 143 
Materials used in handcraft work, 115 
Mirror frames, 34, 35, 36 
Mitre block, 197, 198 
„ cut, 197, 198 
Modillion, I to 
Module, 1 10 
Morris, William, i, 14 
Mortise and tenon joints, 34, 35 
,, chisels, 199, 300 
Mosaic edging, 16, 35, 146 
Mother of pearl, \ 12, facing 147 
,, ,, ,, inlaying,//c/>/,<,’^ p. 146 

Mouldings, 39 

0 

Oak apples, P' *20 , 

,, Euro[)ean, 116 

„ tree, growth of an, facing p. 

130 

Obliciue projection, p. 135 
Occasional table, 53, 53 
Oilcan, 300, 202 
Oilstones, varieties of, 197, 198 
Oilstone table, 191, 192 • 

Old woman’s tooth, 194, 195 
Orthographic projection, p. 135 
Ovolo moulding, no 

P 

Painted decoration, application of, 33 
Panel saws^ 196, 198 
Paring chisdl, 199 



234 


INDEX TO WOODWORK SECTION. 


Paterae, no 

Pedestal, no 

Pen trays, i6, 17 

Perspective, drawing in, 136, 138 

Pictorial projection, /a<r/«^p. 135 

Picture panels, 12, 13, 14, 34, 35, 36 

Pigeon holes, 50 

Pilaster, 109, in ,•» * 

Pin bit, joo 
Pincers, 15^7*, 198 , 

Pine yellowi) 116 
Pinning, 43 , 

Pin or pivot hanging, 43 
„ trays, 16, 17 
Plane, block, 194, 195 
„ jack, 193, 194 
„ rebate, 194, 195 
„ shoulder, 194, 195 
„ smoothing, 193, 194 
„ trying, 192, 194 
Plinth, no 
Plough, 194, 195 
Poplar, 116 
Portcullis, 109 
Portico, 109 

„ p. no 

Punch work, 8, 158 

R 

Ramification, 120 
Rasp, wood, 2 
Rays, medullary, 117 
Recessing, application of, 32 
„ 'patterns for, 149 
Roots, hair, 120 

„ secondary and primar)’, 120 
Router, 42 
Ruler, round, 10, ii 
Rule, steel, 194, 195 

S 

Sap, 120 

Saw, bow, 196, 198 
,, circular, 191 
,, compass, 196, 198 
„ dovetail, 196, 197 
„ Egyptian chert, p. 163 
„ fret saw, 196, 197, 198 
• hand, 196, 198 
Japanese, 164 


I Saw, keyhole, 196, 198 
„ knifCj /actn^ p. 163 
„ mediaeval, facing p.. 163 
„ panel, 196 
„ Swiss flint, p. 163 
„ tenon, 196 

„ various, 162, 196, 198 . * 
Scandinavian ohdax^ facing p. 150 
Scotia, no 
Scratch stock, 147 
Screwdriver, 197, 198 
Segmental building up, 53 
Set mitre, 197, 198 
Shaft of column, no 
Shooting board, 202 
Shop, decctfation of, 189 
„ flooring of, 189 
„ ventilation of, 189 
Silver grain, 1 1 7 
„ spoons, 8 
Skirting, no 
Slips, oilstone, 197, 198 
Slot screwing, 33 

Spinning implements, hehveen pp. 152 

and 153 

Spokeshaves, iron and wood, I94» 195 
Spoon bit, 199, 200 
Spring growth, 1 20 
Square, try, 200, 202 ^ 

„ wooden, 202 
Stationery case, 49, 50, 51 
Stencilling, 14, 22, 35, 39 
Stiles, 1 1 1 

Stool, ancient Egyptian, p. 4 
„ construction of, 47, 48, 49 
Store, timber, 197 
Straightedge, 202 
Strap, method of cutting, 26 
„ work, 25, 44 
Striking plate for knocker, 25 
Stringings, drawings of, 53 
Strips, winding, 202 
Surbase, no 
Swagg, no 

Swiss painted boxes, p. 151 

T 

Table, circular, sketch of, 54 
„ construction of, 52, 53 
„ making a, 53 
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Table, making an oblong, 54 
oblobg drawings of, 55 
„ occasional, 53, 55 
Tea tray, 28, 39 
Templet, use of, 53 
Tenon .s^w, 196, iq8 
Tenons, mitred, 48 
Theophilus, 8 

Timber, characteristics of, 1 2 1 

„• chart, 1 15 

„ classification of, 115, 116 

„ conditions affecting growth of, 

117 

„ growths, 1 15, 1 1 7, 1 19 

„ hard and soft, indentification 

of, 1 17 

„ object Ic'ssons on, 121, 122 

Toilet mirror, 45, 46, 47 
Tool cabinets, 189, 190, 191 
Tooling, application of, 39, 55 
Tools, early forms of, 163, 164, 165 
Toothing, 153 

Tortoise shell, description of, 122 
Torus, 1 10 

Towel rail, drawings of, 43 
Tracery, 109, in 
Trochilus, no 
Try square, 300 , 202 
Turning, construction of, 49 
,, designs for, 48, 49 
Tuscan, 1 10 
Twist bits, 199, 300 
Tyrolean detail, 149 


U 

Under-railing, 48, 53, 55 « 

Upholstered stool, 47, 48, 49 

V 

Vee-tooling^,*i2 

„ application of, 14, 23, 33 

Veneered patterns, building ajp, 151 
Veneering, caul, 153 • 

„ designs for, 151 
,, procedure for, 151 
Venice turpentine, use of, 148 
Vice, horti/ontal, 303 
Von Reber, 1 10 

W 

Walnut black, 1 16 
Watch stand, 15 

„ „ method of making, 

Whitcwood, American, 116 
Winkelstein, 1 10 

Wood, colour combinations of, 147 
Working drawings, 136 
Workshop, arrangement of, 187 
„ plan of, 188 

Y 

Yew, 1 16 
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A 

Achilles, 6 

Alcinous, palace of, 5-6 
Alloys, 124 
Aluminium, 9, 128 
,, bronze, 128 
Amalgam, 124 
Amalgamation process for 
of metals, 134 


1 Angle and corner plates, 62^ 63 
I Angles for cutting tools, 227 
I Annealing metals, 172, 185 
[Antimony, 128 
[Anvil, cutter, 208, 210 
! „ smith’s, 210, 31 1 

I „ tinman’s 313, 214 

I Applied ornament, 153 
jAppliqui 153 
AutogenoVb welding, 180 
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B 

Ball head-stake, 213, 214 

Sellows, double-blast circular, 210, 

211 

„ Fletcher Russell foot, 213, 

214 

Bench, metalworker's, 220 » 

Bending, 62, 63, ^4 . . 

Bessemer, Sir H. G., 9 
Bidri ware, ^54 ** 

Bismuth, 12^ 

Block for chof)ping, 221 
Blow pipe gas, 213, 214 
„ „ welding, 18 1 

Bolting, 183 
Bowls, 85 

„ method of raising, 88 
Box, tin, 68, 69 
Brace fittters, 211, 212 
Brass, 128, 142, 155, 172 
Brazing, 181-85 

„ pan, 213, 214 
Britannia metal, 128 
Broach, 206, 207 
bronzes, 120, 121, 123, 155 
.. Age, 5 
„ gates, 6 
Bronzing, 154 

Building and equipment for handcraft 
centres, 218, 219 
Burning, 180 
Byzantium, 7 

, C 

Cabin hooks, 60, 61 
Cadmium, 129 
Calamine, 7 

Calipers, out^ide, 64, 65, 203, 204 
Candlesticks, copper, /aang p. 89 
Candlestick, turned brass, 94, 95, 

„ jron, 97, 98 
Card wire, 203, 204 
Casket, 141 

Cast brass candlestick, turned, 94, 95 
Casting or founding, 155, 175 
„ faults of, 175 

Centre or mitre punch, 60, 61, 211 
„ a loose, 80, 81 

^Chandelier, Dutch, in brass, facing 

p. 140 i 


Chaser, inside and outside, 207 
[Chasing, 155 

„ tools, 212, 213 . • 

„ „ method of bolding, 86 

Chariot burials, 7 

Chisel, hand or cold, 66, 67. 211, 212 
„ method of "holding, 63, 167 
,, cutting action of, 224 
Chopping blocks, 221 

„ out, facing pp. 62, 63 ^ 

Chromium, 129 
Chryselephantine work, 5 
Chucks, various, 79, 80, 224 
Cleaning, colourings, etc., 177-8 
Clip, development of, 74 
Cloisonne, 8^ 156 
Cobalt, 129 
Cold set, 208, 209 
Compasses, wing, 203, 204 
Constantine, 7 
Constantinople, 7, 8 
Copper, 7, 129, 142, 172 
,, age, 5 

„ candlesticks,/rtr/>7^ p. 89 
Core box, method of making, 96 
Corner clamps, 68, 7 1 
„ plates, 62, 63 
Countersink, rose, 214 
Cowper coles, 178 , 

Craftwork, Historic ; application, to 
classwork, 109 
Creasing iron, 212, 213 
Cropper, 212 
Cutters, 223 

Cutting action of tools, 222-9 

D 

Dagobert, 8 
Damascening, 155 
Damascus swords, 6 
Darby, Abraham, 8 
Decorative processes, 1 5 3 
Delta metal, 129 
Die, circular split, 206, 207 
Dishes or paterse, 85 
Distillation of metals, 134 
Dividing a line, method of, 93 
Dog bars, 1 14 
Door knocker, 142 
Drilling appliances, 169 
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• I 

Drilling machine, aio, 3ii 
» plug, 81. • 

„ * and turning, 326 

Drills, evolution’of, 169 

„ stock, archimedean, 215, ai6 
„ various, 64, 65, 214, 216 
Drift punch* ^08, 209-10, 212, 213 
Dunstan, Archbishop of Canterbury, 8 
Dutch chandelier, p. 140 
„ ipetal, 129 


Eighteenth-centur)' gates, 1 1 2 
Eleanor, Queen, 8 . 

Electric welding, 181 
Electrolytic methods, 134 
Electroplating, 155 

Embossed work, facing p[>. 140, 142, 

15s. 156 

Enamelling, 7, 8, 156 
Engraving, 160 

„ and punched decoration 


Funnel stake, 213, 214 
Fusing, 329 

o 

Gas stove, tinman's, 203 
Gates, p. 113 
„ eight eonth-cenlur>\ in, 114 
„ wicke^ 113 
Galvanizing, 178 
Gauge, grinding, 64, 65' ^ 

,, Imperial standard, 205 
(lauls, 7 • 

lierman siher, 1 29 
(iilding, 159 
(hiding metal, 129 
Gold, t;, 129 

Grilles' iron, 7, 68, 71, 72, 75 . 

//i7//cp. 143 

(irindstone, 210, 2l l 
(irooNer or seam set, 213, 214 
[(iunmetal, 129 


157 

„ chisel, method of use, 159 
Equipment, 203, 218 
Escutcheons, 57, 58, 59 


F 

File, hand bastard, 203, 204 
„ half romrl, 203, 204 
„ teeth,- 223, 224 
Filigree work, 166 
Filing, 224 

Finger plates, 66, 67, 76, 77, 7 8 
Finishing metal objects, 177 
Fireside companion, p. 142 
Flatter, 209 
Fluxes, 184 
Force fit, 183 
Forge, portable, 210, 211 
Forging, 60, 62, 185 
•Footman, 90 
Founding or casting, object lesson on, 

175 

Fret saw frame, 212, 213 
„ „ method of holding, 91 

Fuller, 208, 319 


j Hack saws, 203, 204 
1 „ „ method of holding, 205 

„ sawblades, 223 
Hafting, method of, 169 
Half-moon edging stake, 214 
Hammered work, 84, 85 
Hammers, evolution of, 167 

„ various, 80, 81, 203, 204^ 
209, 211, 212, 213 

Handle, cage, method of making, 107, 
108 

Handles, decoration of, 74 

„ method of making, 73, 74 
„ various, 70-73, 79, 82, 102, 
103 

Hardening and tempering of metals, 172 
Hardie, 210 

Hatchet stake, 213, 214 ’ 

Henkle, 7 
Hinges, 99, 100, loi 

„ method of making, 102 
Hints when working metals, 185 
Holdfast, 60, 61 
Homer’s “Odyssey,” 5, 7 
Hook and eye, 216 
Huntsman,;i^ 
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^ Inlaying, 159 

' Iridium, 130 . 

Iron age, 6 
„ burnt, 1 74 

„ grilles, 7, 68, 71, 72, 75. 

„ railings, ii3,»it 3, 114 
„ scroll, 210 ’ ‘ ♦ 

„ soldering, 203 

„ wrought and cast, 6, 8,- 114, 130, 

172, 174 

„ wrought and cast, how to dis- 
tinguish, 174 

' J 

Joining metals, 180-5 
Joints in tin plate, 185 

« K 

Keltic work, 7 
Knockers, 142 
, Knurling wheel, 306, 207 

L 

Lamp irons, 113 
„ standards, 113 
Lathe, carrier, aid, 217 
„ chucks, 215, 316 
„ foQt, 316, 217 
„ tool in action, 333 
„ tools, 214-5, 217 

Lead, 61 

„ and zinc method of extracting 
metal from ore, 134 
Leonardo da Vinci, 8 
Lettering in metalwork, facing p. 138, 
140 c 
Lever, 61 

Link extinguishers, 114 
„ holders, 114 

Lock plates and handles, facing 

p. 143 

Lubricants, table of, 83 
Lubrication, 83 
V Lyre forms, 1 14 


Magnesium, 130 
Manganese, 130 ' 

„ bronze, 130 
„ steel, 130 
Mercury, 13 1 ^ ‘ ’ 

Metal spinning, 160 
Metals, 123 

„ characteristics of, 124 ^ 

„ descriptions of, 128-33 

„ distinguishing and testing, 174 
„ extraction of, 133 

„ historical notes on ^ftwork, 

4-9, 1 12 

„ n;iethod of hardening and tem- 

pering, 201 
„ „ „ joining, 180-5 

„ object lessons on, 172 

„ properties of, 125-8 

„ shrinkage of, 127 

„ to clean, finish, etc, 177 
Metalworker’s bench, 220 
„ shop, 219 

„ tools, 204-6, 208-11, 

213-6 

Mild steel, 13 1, 174 
Milling, 229 

„ tool, 306, 207 

Models, course of, 60, 7 1 
Muntz metal, 13 1 

N 

Nameplates, 138 
Nickel, 131 
„ steel, 131 
Niello, 8, 160 
I Nippers, cutting, 212, 313 

0 

Object lessons, data for, 172 
Oil-can, method of making, 91, 93 
Ormolu, 13 1 
Osmium, 131 

P 

Palace of Alcinous, 5, 6 
Pala d’Ora, 8 
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, PalWium, 1 31 
Paterae, ^85. . * 

Pearling wheel, 206 ^ 207 
► Pepper-box, head-stake, 213, 214 
Pewter, 7 
Phidias, 5 
Phosphor 

.Picture suspender, 65, 66 
Piercing, 1 60 

„ , (««). 9 

Pilaster, 114 
Pin cutter, 68, 6 
Pitch, to make u, 

Platinunr^ 132 
Pliers, various, 212, ai3 
Poker, 106, 308, 210 
Polishing metals, 178 
Preserving metalwork, i; . 

Properties of metals, 125 
Punch, a sc^uare drift, 208, 209 
decoration, I5<>* *5^ 
round drift, 208, 210 

Q 

Quicksilver, 131 

R 

Rack for smiJK’s tools, 221 
Raising, method of, 85, 86 
Rake, smith’s, 208, 210 
Ramps, 1 14 
Reamer, 206^07 
Recipes Jpr cleaning, colouring, el 

154^79, ’ 

Rejas, 8, 1 1 3 
Repouss6 tools, 212, 213 
Rifller, 212 
Riveting, 182 
Rivet set, 213, 214 

S 

'Saw blades, 205 
„ fret, 212 

Lancashire hack, 203 
rnethod of holding hack, 205 
’’ piercing in metal, 91 
„ sUr hack, 205 
Saws, cutting action of, 223, 224 


Scraper, 225 
Scratch brushing, 1 7 7 
„ cord, 203, J04 
Screens, 8 
Screwdriver, 60, 61 
Screwing, 183, 2281 
Screw plate, double handed, 207 
Scribcr, 6^>, <^7, 203, 204 
Scroll horn, ^208, 210 
„ iron, *208, 210 
,, wrench, 208, 210 
Seam set, 213. 

Set hammer, 208, 209 
Sett, hot and cold, 209 
Shalmaneser II., 6 
Shears in action, 223 

tinman’s, 212, 213 
Shearing and punching, 226 

machine, 211 , 212 

Shop metalwork, 219 
Shovel, smith’s 208, 210 
Shrink fit, ^85 

Shrinkage in castings, 127, 120 
Silver, 132 

cup, dish, jug,/n7«^ p. 09 
” solder, 132 
Slide rest, 207 
Smelling, 133 
Smith’s tool rack, 221 

tools, 207, 208, 210, 211, 212 

213 

, Solder decoration, 1 60 
, ,, tinman’s, or soft, 132, 182 

Soldering fluid, 182 
„ iron, 203, 204 
’! metals, 185 

Spanner, double ended, 205, 200 
single ended, 205, 206 
Spelter, 132 

.Square, steel try, 204, 205 
.Stakes, various, 2i3i 
Standards, lamp, 1 1 3 
Staple, 60, 61 
Steel burnt, 174 
,, carborr tool, 172 
„ cast, 7, 9 
polished, 142 

,, how to distinguish, 174 
„ iron tempering, 172, I73 

,, mild, 174 
„ sheajp 174' 
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•Stillsoh wrench, 205, 306 
Stocks arid dies, 205, 306, 207 
Stove, tinman’s gas, 203 
* Surface plate, 313, 214 
Swage, Iwttom, 308, 209 
Swaging, < 53^ 63 
Swape, 79, 82 

/ 

T 

Tablets, pp. 140, 143 • 
Tantalumf 132 
Tap wrench, 60, 61 
Taps, various, 306, 207 
Tempering of metals, r‘72, 173 
„ „ scale, 173 

Theory of cutting actions, 222 
Thomas of Leighton Huzzard, 8 
Tin, 132 
^ „ plate, 132 
Tinman’s gas stove, 203 
Tinning, 8, 88, 178 
Tommy or fever, 60, 61 
Tongs, smith’s, 308, 209, 311, 212 
Tool racks, 220, 331 
^ „ steel, 133, 172, 174 
‘ Tools, metalworking, 207-15 
Tripods, 89, po 
Tubal Cain, 7 
Tungsten, 133 

„ steel, 133 

Turned work, examples of, 78, 82, 94, 
95 

Turning, 227 

„ brass with a ripper, 83 
„ iron with a graver, 83 

,, notes on, 82, 83 

Twisting, method of, 74 
Type metal, 133 


Upsetting, facing p. 6?,^ 63 
Uzziah, 6 

V 

Vee block, 8r / 

Vice, I^ncashire ^ 97 
„ method of istics ( 220 
Vinci, Leonard.ions (S 
Vulcan, 6, 7 ^aish» 
ctior 

oric- W ^ 

r-9, 

\Vedging,.eth3 
Welding, irious, 180, 181 
Wet methods of extracting metal from 
ore, 134 

Wicket f,ate, 1 13 

Wire giuge, Imperial standard, 3 cC|,'" 
Wohle., 9 

Working drawings, 140 
Wortz, 6, 7 

Wrenches, various, 60, 6 %, 205, 306, 
210 

VV^rought-iron pediment for a gate, 
facing^. 143 

„ ^x\\\tjacing 1^. 143 

Y 

Varrenton, Andrew, 8 

Z 

2‘nc, 7, 133 
„ chloride, 182 
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